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PREFACE  TO  THE  EIBST  EDITIOS. 


L  TaiGos  M    B    h     alnaja  been  to  the  majorilj  of  stuileiita  a  dry 
and  difficult  study.     A  I   n  th  t    1  might  be  rondered  easy  and  iiUerestjua 

to  all  who  have  a  tolet  bl  q  t  n  w  th  Algebra  and  Geometry,  bag  lad  to  the 
production  of  the  prese  w  k  Th  faults  of  foinier  troatiEea  on  this  subject, 
which  have  delractod  f    m  tb       usol  1     ss  as  books  of  instruction,  appear  to  be 

1.  A  too  sudden  transition  from  Geomelry  to  Trigonometry,  in  consequence  of 
which,  the  first  efforts  of  the  learner  are  in  the  .dark  as  to  the  object  of  bis  pursuit. 

9.  A  tedioas  suocesBion  of  general  fominlas  at  the  oonimencement,  the  use  and 
application  of  which  are  so  long  delayed  aa  to  produce  weariness  and  discoimigement 
bijt'oro  there  is  any  apparent  fruit  to  reward  labor. 

3.  Too  much  abridgment  ia  the  demonstration,  and  particularly  in  the  derivation 
of  the  algebraic  results. 

The  author  is  aware  of  the  importance  attached  to  the  exercise  of  intellaoE 
required  to  discover  the  comiesion  between  propositions  whose  mutual  dependence  ia 
showu  by  intermediate  links  which  the  mind  must  supply  anaided,  but  it  will  ba 
admitted  on  the  other  hand,  (hat  the  ordinary  term  of  study  is  too  limited,  and  the  field 
of  knowledge  in  this  department  too  extensive,  to  afford  the  loaa  of  lime  which  auoU 
a  mode  occasions.  Besides,  there  will  ba  abundant  scope  for  this  kind  of  exercise,  in 
a  more  matured  familiarity  with  mathematical  reasoning,  for  which  the  sliortening 
of  labor  here,  will  leave  additional  room. 
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PBEFACE  TO  THE  NEW  EDITION. 


The  old  ediiion  liasbo^ii  entirel)'  remodBlled,  and  vast  additiuiii  nf  laluil-le  tnai- 
ter  which  have  been  aoino  years  in  colleeliiig,  or  are  Ihe  le^ulta  ot  roteut  impiove- 
monW  in  soienoe,  have  been  made.  The  present  work  begins  with  some  constraclion? 
of  triajigles  according  to  the  rules  given  in  geometry,  tbllnwei!  by  others  :ii  which 
[■eales  of  eqnal  parts  and  protractors  are  employed,  showing  jl  unee  and  distiuotly, 
what  is  to  be  understood  by  the  soliiUon  of  a  triangle,  and  the  lalue  of  tiigouoiiietry 
in  (lie  measurement  of  inaceesdbls  heights  and  distances. 

The  evident  inaccuracy  in  Uie  use  of  instrvimenla  leads  the  learner  10  pareeive  the 
necessity  of  a  more  esacc  and  certain  method,  and  prepares  hun  to  enter  wilh  satis- 
faction upon  the  study  of  Analytical  Trigonometry. 

The  explanation  of  the  Trigonomelricai  Lines  has  been  prepaied  with  groat  tare, 
and  it  is  believed  that  consideiable  improvement  in  the  method  of  oxhibiling  their 
changes  will  be  observed.  Tiidr  application  to  the  solution  of  mangles  is  unrae- 
diately  shown  in  a  few  casi^,  with  the  Help  of  a  table  of  natural  eines  and  cosines  at 

Then  follows  a  full  exposition  of  the  theory  and  use  of  logarithms,  with  every 
variety  of  example,  meluding  an  oiplanalion  of  the  Tables  at  the  eud.  The  use  is 
also  taught  of  the  tables     f  C  11  1  th     ibles      1  t,l  e.      p  t  Am  d  ti 

of  wbicli  is  known  as  Ha   1       I  bl 

Part  I.  concludes  with  t       pplt        flgtlm        dig     thm       mes   Ca 
gents,  &.C.,  to  a  number  ui  p     t     !  pi  h     hi        d  dista    es  I     g 

every  case  in  the  solution    f  pi       t      g! 

After  this  a  few  pages  of      sc  II         us  wl     h         h  th  fi 

print  scattered  through  the  Ist  Part,  will  ebtvo  to  give  greater  aliill  to  the  belter  class 
of  students.  Appendix  I.,  which  follows  next  in  order,  contains  a  vast  VHiiety  of 
general  formulas,  succinct  methods  of  solntion,  and  methods  advantageous  in  par- 
ticular cases,  melhoda  of  treating  small  arcs,  resolo^ons  of  Algebraic  equations  by 
the  aid  of  Trigonometry,  various  espresaions  for  the  area  of  a  triangle  in  lenns  of  its 
angles  and  ades,  efiects  of  errors  of  observation  on  remits;  in  short,  everything 
necessary  for  a  comprehensive  knowledge  of  Tiigonometry.t 

•  The  German  lablea  most  in  use  are  those  of  Vega  and  those  of  Kohler, 
■f  Navigatw"  and  Surveying,  if  to  be  studied,  should  be  laken  up  immediately  after 
flane  Trigonometry. 
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Part  11.  coutaJOB  Spherical  Trigonometry,  Paitloul^ir  care  hne  been  taken  to 
render  the  demonBtnitions  here,  plain  and  easy,  and  lo  avoid  all  unnecessary  repeli- 
tioD  and  complieation. 

Il  was  found  that  the  introduction  of  a  few  celestial  circles,  such  for  the  most  pail 
as  the  atndy  of  geography  niny  be  soppoaod  to  have  already  rendered  familiar,  would 
afford  an  opportunity  for  nialUng  all  the  oaamples  of  Spherical  Trigonometry 
Astronomical. 

The  use  of  the  hour  angle  and  of  difiei'Ont  kinds  of  time  has  led  also  to  the 
introduction  of  a  full  description  of  tiie  transit  instniment  and  its  various  adjustments, 
the  theory  of  which  depends  on  Spherical  Trigonometry,  and  is  given  m  fl]i  its  detaila. 

The  practical  character  of  the  problems  is  a  peculiar  feature  in  the  plan  of  the  pie- 
senl  work.  Thtfconaideration  which  led  lo  it  was  that  since  Trigonometry  had  grown 
out  of  the  actual  wants  of  men  in  these  very  pattioulara,  if  they  were  Bnffioiontly 
interestingtoetimulatediscoveryiiheyw  Id  L  '  "t  I  th  td  fw!  t'  1  d 
known.    The  analytic  method,  tho  gh  p  b  md 

somewhat  furnished,  is  doubtless  b}  b  thd  mfidh 

general  reason  for  introducing  Ast        m        pbm  wdmd  ua, 

llinH  to  prepare  the  way  for  the  study        ^  wh  rm  d  m 

ofTrigonometry  were  fresh  m  them  m  d       p  h  h    T 

nometrical  Solutions  of  Astronomy,  which  is  apt  to  iwult  from  the  trouble  of  recalling 
what  baa  twen  long  laid  aside.  It  was  thought,  too,  that  ihig  foretaste  of  Astronomy 
might  escilB  a  relish  for  tiiat  study. 

Tiie  examination  questions  will  be  found  convenient  for  students  preparing  for 
Biamination  on  Trigonometry,  or  for  tboae  studying  without  the  aid  of  a  teacher. 

Appendix  II.,  which  follows  Spherical  Trigonometry,  is  of  a  character  analogous 
Id  Appendix  I. 

Part  III.  exhibits  a  pleasing  and  useful  application  of  Plane  Trigonometry  lo  the 
principles  of  navigation.  This  will  be  found  a  very  complete  treatise  on  tho  subject 
in  email  compass.  The  appendix  to  tiiis  part,  App.  III.,  includes  great  cirele  sailing, 
a  method  not  usually  treated  in  works  on  navigation,  nor  much  used  at  preseul  al 
sea ;  but  as  it  serves  to  shorten  voyages,  and  has  no  prac^cal  ineonvenianees  in  the 
case  of  steamers,  which  claffi  of  vessels  is  becoming  numerous  on  the  ocean,  il 
cannot  longer  ivith  propiicty  be  omitted.     Sumner's  method  is  also  here  introduced. 

Part  IV.  is  a  very  complete  treatise  of  surveying,  which,  by  reducing  tho  s«bJGOt 
rigorously  to  its  essential  elements,  Is  brought  within  a  small  space.  Besides  what  is 
cont^ed  ia  ordinary  treatises,  inclndmg  a  full  description  of  all  the  aurveyiog 
instruments,  will  be  found  Iho  methods  of  surveying  railroads  and  canals,  the  prin- 
ciples of  Topography,  and  a  new  method  of  Hydrograpbie  Surveying. 

Part  v.,  which  treats  of  Nautical  and  Practical  Astronomy,  contains  a  complete 
description  of  all  the  Astronomical  inatouments  used  at  sea  and  in  observatories,  a 
thororgh  investigation  of  the  theory  of  their  adjustments,  and  of  the  corrections  lo 
be  applied  to  the  oiiservations  for  errors  of  adjuslmant,  the  use  of  nearly  every  part 
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PREFACE. 
L«  nautical  alumnae  and  tables  of  correclioi 


aoliona  for  delaimuimg  the  co  ordmalee 
d  (he  oolutioiiB  la  Spherical  Tngoiio- 
o-ordtnates  into  another,  with  all  the 
longilnde,  either  on  land  or  at  sea. 
eflecting  circle  and  mural  circle,  the 
llitudes,  by  the  method  of  Litlron  and 
I    idmn. 

d  g    d  n  y  on  a 


form  d      rm       g  m    ta  m  on 

App.  VI.  describes  the  equatorial,  tho  altitude  and  aiira 

vertical  transit,  and  gives  theorems  for  determining  the  size 
The  methods  given  in  this  geodetic  treatise  are  those 

survey  of  the  United  States.* 

The  tables  include  a  table  of  logarithms,  of  numbers 


tangents 


s   and 


eonnes,  a  table  of  diller^ce  of  latitude  and  departure 
point  of  the  quadrant,  a  table  of  Rhumbs,  a  table  of  n 
table  for  the  eorteetion  of  the  middle  latitude,  a  table  of 
for  the  states  of  the  barometer  and  thermometer,  a  ta 
the  horizon,  a.  table  of  the  sun's  parallax  in   altitude, 


*  These  are  in  Home  respects  superior  to  the  latest  a 
The  author  has  to  acknowledge  the  politeness  of  the  a 
of  the  coaat  survey  in  iiimishing  every  facility  for  obtainii^ 

t  The  last  two  are  not  usually  found  in  the  boat  tabk.s 
cut  tbe  difTerenee  for  the  seconds  in  these  tables  is  new  a 
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moon's  aemi-diameter 'with  its  al      d        tab  rt  g      hms 

of  tbe  reductions  of  the  moan's  eq  P     U  tl      p        d     figure 

eailh,  and  Gnally  a  table  of  natu         rs  d  si  es         red       g    bserv  u  na        h 
meiidiaD. 

Beddea  these,  other  small  tables      dpeunti  b&jas<ia      edihr  ugh 

the  w  jk. 

Most  of  the  tables  are  printed  from  the  beautiful  and  accurate  ateteotype  plates  of 
the  tables  acoooipanying  Bowditoh's  Navigator,  by  permisaon  of  the  proprietor, 
Mr.  G.  W.  Blunt. 

The  author  has  to  acknowledge  the  kindueaa  of  Prof.  Csauvbnbi,  of  the  D,  S. 
Naval  Academy,  in  permitting  the  use  of  his  valuable  paper  on  Uniimiled  Spherical 
Triangles,  first  introduced  by  Gauss.  It  will  be  found  in  Appendix  II.,  as  contained 
ui  the  Astronomical  Journal,  witii  soma  slight  modifications  and  explanatory  notes. 

N.  B.  The  fine  print  in  tlie  fulluwiiig  pages  may  be  omitted  without  breaking 
the  continnity  of  the  treatise. 


Hosieanv  Google 


HosleaBv  Google 


G  0  N  T  E  N  T  I 


PART    I. 

PLANE    TRIGONOMETRY. 

Definition  of  Trigonometry , 

Number  of  data  for  determination  of  a  triangle, 

Georaelrie  solntions  of  triangles, 

Scales  of  equal  parts,        ........ 

Sectoral  Bcale, o        .        . 

Diagonal  scale . 

Meaauremeiit  of  angles, 

Centesimal  division,  .  ....... 

Conversion  of  the  two  modes  of  division,  .... 

Engineer's  melliod  of  expressing  angles, 

Circular  protractor, 

Semioiroulat  protractor, 

Kude  instniment  for  obaMvinganglea, 

Construction  of  trianglea  observed  on  ground 

Construction  in  themeaeurenient  of  heights,      .... 

Nature  of  Anairacnl  Trigonometry 

Nature  of  itigonometrio  lines, 

Dafiniliou  of  tlie  sine, 

Definition  of  a  supplement 

Exercise, 

Variation  of  the  dne  for  valuos  of  the  arc  from  lero  to  360°,     . 
Method  irora  an  arc  >  90°  to  find  one  <  90°  having  the  same  sine 

Sines  of  negaiiye  arcs, 

Definition  of  tangent, 

Vatialiona  in  the  valne  of  the  tangent  for  arcs  from  jero  up  to  360°, 

Definition  of  tlie  sBeunt, 

Variation  of  the  secant  for  variation  of  the  arc  from  zero  to  SGO^, 
Definition  of  a  complement  and  exercises,  .... 

Definitions  of  the  cosine,  cotangent,  and  cosecant,     . 

Theeoaine, 

Variations  in  the  value  of  the  cosine, 

Trigonometric  Unas  of  negative  ares, 

The  cotangent's  and  coaecant's  variations  of  value,   .        .        .        , 


Hosieanv  Google 


Pad 

Trigonomeliiu  lines  have  the  same  aigns  in  pairs,       .....  23 

Algebraic  notation  for  Irigonomelrio  lines iik 

Expreasiona  for  the  tangent,  cotangent,  secant,  and  cosecant,  in  terms  of  the 

sine  and  coane 23 

Relations  of  tangent  and  cotangent, 25 

Bxetcisea  in  the  trigonomstric  functions, 36 

Derivation  of  formulas  for  the  solution  of  right  angled  plane  triaiigies,       .  ib. 

Ubb  of  the  tables  of  natural  sines, 28 

Application  of  the  formulas  to  practical  examples,    .....  29 

Theory  op  LooaHiTHMs, 33 

Definitions,  log,  of  the  base  I  and  0, ib. 

Charactetistio  in  the  common  system, 34 

ElFLANATION   OV    THE    TaELE, 35 

Method  of  finding  the  logarithm  of  a  number  between  100  and  10,000,       .  ih. 

Examples, 36 

Maltiplication  by  logarithms, ib. 

Division, 37 

Mode  of  determining  the  characteristic, 38 

Method   of    finding  the  logarithm  of  a  number  beyond  the  limit  of  the 

Of  finding  the  number  corresponding  to  any  givon  logarithm,      ...  43 

Mode  of  finding  tho  logarithms  of  a  number  by  tho  tables  of  Callet, .         ■  48 

Examples  in  multiplication  and  division  by  logarithms,       ....  44 

Raising  of  powers  and  extraction  of  roots  by  logarithms,  ,         .         ,         ,  45 

Description  of  table  of  logarithma,  sines,  tangents,  &c. 47 

Rolea  for  finding  the  log.  sin.  tan.,  &c.  of  any  given  ars,  eiprossed  in 

degrees  and  minutes, 4ti 

Of  an  arc  expressed  in  degrees,  minutes,  snd  seconds,        ....  49 

Enloa  for  obtaining  log.  see  from  log.  cosine,  and  by  log-  eosce  for  log.  sin  ib. 

Logarithmic  relations  of  tangents  with  cotangents, ib 

Description  and  mode  of  u«ng  the  trigonometric  tables  of  Callet,  .  .  51 
Method  of  finding  the  degrees,  minutes,  and  seconds  corresponding  to  any 

given  log.  sine,  tangent,  &c., 52 

Definitions  of  trigonometric  lines  in  terms  of  the  ratios  of  sides  of  right 

angled  triangles  and  consequent  rules  of  solution  by  two  logarithms,  ib, 

Rule  for  adding  or  rejecting  10  in  the  introduction  of  radius  for  homogeneity,  .'57 

Elcamples  in  the  solution  of  tight-angled  tiianglea, ib. 

Exercises  in  ditto, 59 

Praetioal  examples, GO 

Practical  exercises, ib, 

Use  of  the  arithmotical  complement, CI 

SOtDl'ION   OF   OHLiqriE    AlfOMn    PLAHE   TRIAKatES, 69 

Practical  problems, 63 

Dadaclion  of  the  formula  for  the  ooane  of  an  anglo  in  terms  of  the  three 


Hosieanv  Google 


CONTENTS. 

DemonatralJoD  of  foi-mulaa  for  llio  sine  and  cosine  of  the  sum  and  diffotence 

of  two  arcs, 

Of  forainlfls  for  llio  sine  and  cosine  of  twice  nti  are 

Of  lisif  an  are,        ..........        . 

Derivation  of  formak  for  the  gum  of  half  an  angle,  in  tornis  of  the  thieo 

sides  of  B  (rinnglo,         ......... 

Example  under  the  above  formula, 

Blank  foim  for  tho  same, 

Foimulaa  for  the  aiie  of  an  angle,  Iha  cosine  of  half  an   angle,  and  the 

tangent  of  half  an  angle  in  terms  of  tlie  three  sides, 

Examples, 

DerivatioH  of  formulaB  for  the  sum  and  difference  of  the  sines  of  two  arcs 

and  tlieir  ratio 

Demonslration  of  formolas  for  the  Kilulion  of  a  triangle  wlien  two  sides 

and  the  inclnded  angle  are  given, 

Example  of  their  application, 

Blank  form  for  this  ease, 

Denionstiatioii  of  formula  to   be  used  in  tlic  latl  case,  when  only  tlia 

Example  of  its  use, 

Practical  oxerciEC, 

Miscellaneous  ejreicises  in  Plane  Trigonometry,         .        ■        ,        .        . 

APPENDIX    1. 
Dfmonslration  of  foiiniilas  for  the  tangent  of  ihe  sum  and  liiffereiice  of  two 


Of  Ibe  sine  and  cosine  of  45^.     Of  the  sine,  &e.,  of  30°  and  60°,     . 
Eitenaion  of  the  demonstration  for  sine  and  cosine   of  (a  ^  i)    to   ail 

quadrants, 

Demonetration  of  a  formula  for  sin  (n  +  1)  n, 

"        "    ^os(H  +  l)«,         .... 
Applioa^on  of  the  formulas  for  computing  a  table  of  sinea,  fiio., 
Formulas  of  verification  in  the  compulation  of  the  tables. 

Series  for  calculating  eines,  cosines,  &c., 

Forms  for  finding  Iho  trigonometric  lines  and  their  iogarithms  for  very  sii 

Dotivatlon  of  series  for  calculating  the  logarithmic  sines,  cosines,  &c. 

Forma  for  the  sura  and  dlllerenoo  of  the  sines  and  oofinee  of  two  ares. 
Table  of  foniiB  for  the  irigonometiic  lines  in  the  different  quadrants, 
.S'orms  for  trigonometric  lines  of  ares  gieater  than  360°,    . 
Table  of  formulaa  espreasing  the  most  useful  general  relations  of  ares. 
Tables  of  formulas  of  leas  freqnent  oeeotrence,         .... 
Table  Sf  analyticai  rakes  of  sin,  cos,  and  tar, 


Hosieanv  Google 


DerivaUon  of  formuIaH  aimilar  to  ooa  a  =  J  (i  +  s  )      . 

Of  formula  for  (coa  a  —  sin  o  V—i)- 

Of  formulas  for  sin"  a  and  cos"  a 

Area  of  a  plane  Iriangle  in  terras  of  any  Ihree  parta,         .... 
An  angle  and  the  logarilhms  of  the  aides  containing  it  being  given ,  to  solve 

tlie  triangle, 

Various  prohlems  admitting  particular  solutions, 

Three  point  pi'oblem, 

Ditto  for  a  height, 

Demonstration  of  formula  for  solution  of  a.  triangle  when  two  sides  am 

nearly  eqtial, 

Use  of  aubi»diary  angles, 

EvsMon  of  tabular  errors  for  very  large  or  very  small  angles,     . 
Resolution  of  qu^dratie  equations  trigonometrlcally,  .... 

Detormination  of  the  increment  of  the  sine,  iBugent,  &c..  from  u  small 

increment  of  Uie  angle, 

Exercises  in  Plane  Trigonometry  and  its  applications,         .... 


SPHERICAL   TRIGONOMETRY   AND   PRACTICAL    ASTRONOMY. 

Definitions lai 

Demonstration  of  sine  proportion  for  right  angled  Iriangles,         ...  199 

Definitions  of  oirelea  in  iJie  cel^al  sphere, 123 

Applications  of  right  angled  trigonometry  to  finding  the  sun's  longitude 

when  his  deelination  is  given, 195 

Sine  proportion  in  oblique  angled  spherical  triangles,          ....  12S 

AstroQomical  example  of  its  application, 197 

DemODSttation  of  the  fotmula  for  the  cosine  of  ud  angle  in  terms  of  the 

three  sides  of  a  spherical  triangle, 138 

Of  a  formula  for  tlie  eosme  of  half  an  angle  in  terms  of  the  three  sides,    .  130 
formulas  for  the  sine  and  tangent  of  half  an  angle  in  terms  of  the  three 

ddes  of  a  spherical  triangle, 131 

Blank  form  for  the  application  of  one  of  these  formulas 139 

Derivation  of  tiie  formulas  for  sine  and  cosine  of  J  a  side  in  terms  of  the 

three  angles  of  a  spherical  triangle 133 

Gauss  equations, 135 

New  mode  of  deriving  Napier's  analogies  from  the  Gauss  equations,  .  136 
Geographic  example  of  tJiO  application  of  Napiei's  Analogies,   .         .         .  137 
Astronomic  example  of  liie  same,  vh.  the  determination  of  the  latitude  and 
longitude  of  a  heavenly  body  from  its  right  ascension  and  decli- 
nation,    139 

Mode  of  solution  when  two  sides  and  the  included  angle  are  given,  and  (he 


Hosieanv  Google 


CONTENTS. 


Mode  of  solution  when  two  angles  and  the  included  side,  the  unknowu 
angle  only  being  required, 

Napier's  rules  for  the  aolution  of  right  angled  triangles,      ,         .         .         . 

Astronomical  eiample,  from  the  sun's  right  ascension  nnd  declination,  I17 
find  his  longitude, 

Eiereises  in  right  angled  spherieat  trigonoraetiy, 

AHtronomical  Problem.  Given  the  sun's  declination,  to  find  the  time  of  hi; 
risuig  or  setting, 

Eiposition  of  the  diflbrent  kinds  of  tirao, 

DESOBimoB/OE   ran    ThANSIT    iNSrHOTlEUT, 

Method  of  collimating  the  instrument 

"      "    levelling  "  .,..,.. 

"      "    adjusting  to  the  meridian, 

"      "    observing  s  meridian  transit,   .        .         .        -     '   . 
Rules  for  determining  the  meridian  altitude  of  a  star. 
Mode  of  applying  electro-magnetism  to  record  the  observation,  . 

Example  of  this  reduction, 

Demonstration  of  foimula  for  determining  the  inclination  of  the  axis, 
Mode  of  computing  the  effbot  of  this  inclination   on   tlie  time  of  meridiai 

transit, 

Demonstration  of  a  formula  for  aiimuih  error 

Mode  of  compnling  its  ofiect  on  [ha  time  of  meridian  tiansit. 

Mode  of  computing  the  effect  of  error  of  eoUiraation,       .... 

Esample  illustrating  the  application  of  all  the  corrections  for  instrumonta' 

Conversion  of  eiderial  into  mean  solar  time,  and  vice  versa. 

Astronomical  Problem.  Given  the  latitude  of  a  station  and  the  declinatior 
of  a  heavenly  body,  to  find  the  time  of  its  being  on  the  six  o'oloct 
hour  circle, 

Solution  of  an  oblique  angled  spherical  triangle  when  two  of  the  three  givu 
parts  are  a  side  and  its  opposite  angle, 

Example  of  solulioD, 

EiiMiNiTioN  Questions  oh  TttruosoKETnT, 

Questions  on  tho  general  relatione  of  trigonometric  lines,    . 

On  the  lesolation  of  right  angled  plane  triangles,        .... 

On  the  tesoltition  of  plana  triangles  in  general,  .... 

"  "  "   right  angled  spherical  triangles, .... 

"  "  "   spherical  triangles  in  general,      .... 

Questions  on  logarithms, 

"        "   the  celestial  sphoze, 


Hosieanv  Google 


CONTENTS. 


APPENDIX    II. 
ON  UNLIMITED  SPHERICAL  TRIANGLES  AND  THEIR  SOLUTION, 

The  various  Inapgtes  formed  trith  iho  same  three  poinls  on  ihe  splicre,        .  177 

Denioosltfltion  of  epherieal  fonnuIaB  of  unlimitad  applicalioii,  .  .  .  178 
Proof  that  ftete  may  be  128  Irianglea,  each  (he  first  lerm  of  an  infinila 

Beriea  formed  by  three  great  eirelea  on  the  Buri'ace  of  the  sphere,      .  179 

Ambiguily  in  Ihe  solulion  of  the  geueial  spherical  triangle,  ...  181 
Forniulfla  required  for  the  solution  of  the  general  spherical  triangle.   Gauss 

Theorem, I9!S 

Mods  of  using  the  Gauss  equations, 1S4 

Proof  that   the  parts  of  the   trianglo  may  be  interchanged  in  the  Gauss 

equutions, ih 

Ausiiiary  angles, 186 

Solution  of  the  eeveial  eases  of  ihe  general  spherical  triangle,  with  the  use 

of  cheeks, 187 

SoLUTioH  or  Q¥j(EHi.MTjr.  Tkhngles, 193 

Demonstration  of  Napier's  Ruj.es, 194 

Formulas  io  be  used  in  plaee  of  Napier's  rules,  when   the  required  part 


Rules  for  deciding  upon  the  ambigaity  of  the  result  in  the  use  of  tlio  sine 
proportion, 

Modes  of  detoimining  the  effect  of  small  errors  of  observation  in  the  data 
"upon   the  qufe^ta,  and   under    what    cireumsLauces    these    will  bo 


P  A  It  T     I  H . 

NAVIGATION. 

Definitions, 

Deicnptioa  and  use  of  the  iiiarinor*s  compass,    . 

"   the  log,  ,        .         .        .         , 

TiictHY  or  Plahe  Satlino, 

Eiompleg  and  esercises, 

Theory  of  travarsE  sailing,  and  use  of  the  traverse  table,    . 

Example 

Conitrai'tioi)  of  the  traverse, 

EiBccisea  m  traverse  sailing 


Eiamples  and  exereis^,   . 
Theory  of  midiile  latitudi 
Use  of  Workman's  Tables, 


Hosieanv  Google 


CONTENTS.  XV 

TllEoar  OF  Meecator's  Sanjua, 231 

Constructjon  and  use  of  the  lable  of  meridional  parta,        ....  233 

Examples  and  exercises, 224 

APPENDIX    III. 

TaeoHv  of  Gbejt'  Circle  Sailiks, 22'' 

Example  and  exercises, ill- 
Great  circlo  courses  from  New  York  to  Liverpool  or  Havre,  .  .  .  298 
From  the  Cliesapealie  to  Bordeaux, 329 

PAET    IV. 

SURVEYING. 

General  principles, •  233 

Desoription  and  use  of  the  piano  tahle, 234 

Surveying  iiy  oflsels, 238 

Oescnpdon  and  use  of  the  theodolite  and  its  adjustments,  ....  333 

rheory  of  the  Yernjer, 243 

Fnaagnlation  of  a  country, 344 

Survey  of  a  large  estate, ib. 

Map  and  field  book, 94G  and  247 

Levelli^'Q 247 

Desoription  and  use  of  the  level, ib. 

"          "             "        levelling  staves, 249 

Difierence  between  true  and  apparent  level, 25(1 

SeetiuQ  of  ground, ib. 

Contour  of  ground, 251 

SUKVEY    or   ROADS,    RAILWAYS,  AND    OAHALS, 353 

Reeonnaiasauoe  by  tlie  ooursea  of  slroams  on  maps, ib. 

Petsooal  reoonnaissanoe  of  the  country, 254 

Surveys  with  compass  and  chain  and  level, ib, 

Snrvey  of  cross  sections  and  computation  of  excavation  and  embanliment,  255 

Compulation  of  the  contents  of  Jields, 256 

By  reduction  of  irregular  to  regular  boundaries, 257 

Without  plotting  by  traverse  lable, 358 

Examples  of  the  above  method 359 

HliEEOSBAl'illC   SURVEYIBO,          .            . 9E3 

Nortitfa  method  by  signals .  ib. 

Deleuniuation  of  remote  points  at  sea,      .......  263 


Hosieanv  Google 


CONTENTS. 


PART     V. 
NAUTICAL    ASTRONOMY. 


Mode  of  delermiiiiug  the  apparent  right  ascension  and  declinalioa  of  a  aar 

from  ihe  British  Cutulogue,     , 

Of  tlie  coneoliotia  to  be  applied  to  the   oiiseryed  altitudes  of  heavenly 

Theory  of  the  dip  or  depreasioii  of  the  horizon, 

Correolion  for  semi-diameter, 

Augmentation  of  the  nioon'a  Hemi-diameter, 

Correction  for  refraction, 

Vae  of  Table, 

Correction  for  parallai, 

Formula  for  oompnting  parallflx  in  altitude,       ' 

Contents  of  the  Nautical  Almanac, 

Eiamplea  of  corrections, 

Eiample  of  correcliona  for  the  moon's  altitude, 

DETEEMINATIOn   OF   THE   LATITUDE    AT    SEA   EY    MEKIDIAB  ALIITBBE,       . 

Eiample  and  eierciaes, 

Determination  of  the  time  of  the  moon's  meridian  passage, 

Detatimnalion  of  the  latitude  by  two  altitudes, 

Esumple 

On  riNDiso  the  Lohoituee, 

Method   of   finding  the    local   time  by   an   altitude   of  the  sun   or  other 

heavenly  body 

Bxercisea  in  finding  the  time 

Example  of  finding  iho  longitude  by  difference  of  time,     .... 

Description  and  use  of  the  sestant— Note, 

Longitude  by  Innar  distances, 

Example, 

Vsriation  of  the  compass, .         .         ■ 

Ksamples  of  finding  the  variation, 


APPENDIX     TO     PAKT     V. 

The  Reflectihs  C(ecie, 

Description  of  Troughton's  Circle  and  mode  of  observing  with  it,       : 

DoUand's  Circle, 

Mode  of  using  the  repeating  proeeas, 

Example  of  the  repeating  proee^e,    ....... 


Hosieanv  Google 


CO\TENTS. 


Lalinide  by  s  single  allitude, 

Method  when  ihe  lalitude  is  appvoximasely  Ituown,     . 
Lntitode  by  circarn-raerldian  attitudes,        .        .         .        ■ 
Use  of  one  of  Bowditeli's  tables,  and  (sblea  of  versed  Bines, 
Example  of  circum-nie^iau  ultitLidea  witti  repeating  viicle, 
Method  of  Littrew  by  (hree  altitudes  near  the  meridian. 
Latitude  by  nn  oWtude  of  the  pole  star  ont  of  the  meridian, 

The  MuRii.  Ciritji, 

Description  and  use  of  the  ghost  apparatus  for  adjuMmonl,  . 

*'  "  "   the  reading  microscopes, 

Melhoil  of  taking  (he  readings,  ..... 

Reduction  io  the  meridian  of  an  obscrvatiou  with  tiie  mural, 


P  A  R  'r    V  ! . 


GEODESY. 


MElStlREHEtjT    0 

DeHetiption  of  H. 
Optici 


Lever  of  e 


ntaci, 


Conipenaating  arrangement,       .... 
Level  sector  for  determining  inelinition  of  rod, 
Reduction  of  base  measures  to  the  horizon. 
Reduction  lo  the  level  of  the  ndghboriog  seai,   . 
Mode  of  making  the  (loriionla)  alignment, 
Method  of  testing  iho  rods  by  Saxon's  Pyrometer, 

equaliiiog  capacity  of  heating  in  the  bra: 
R  due  0    of  a  brtiken  base  to  a  straight  line,    . 
The  Gee  i  Theodolite,  .... 

M   h  d  0     bscrving, 

&E  E  T         F  Stations  akd  Signals, 

Day  Signals 

Night  Signals, 

Formula  for  reduction  of  phase  in  tin  cones, 

The  haUotrope, 

Reduction  io  Cektre  of  Siaiion, 

Formula  of  reduction, 

Verifioation  of  Observed  Aholeb, 
Legendre's  theorem,  ..... 


Hosieanv  Google 


Mode  ol'  Bompntiiig  the  Bpheiio»l  eiuoaa, 

Ditto  between  iho  latitude  of  45°  nnd  25°, 

Form  and  oxomple  of  the  above  used  on  tbe  U.  S.  Coast  Shit^)', 
Deteemisahon  of  LATrrorEa,  Lob9itddee,  and  Aiiwotps  of  the  Ktaiiij 
Demonattation  of  formaliis  for  tlie  Bpherioal  figure  of  the  oartli,  . 
Necessary  modificHtione  for  the  ^heroldul  figure,         .         .         ,         ■ 
Speoimepa  of  table  ftora  witioh  oo-efficients  of  tUe  formula  lbs  difiprciioi 

latitude  are  lukcu, 

Sxample  of  geodBtio  detomiinalio»  of  latitude 

Indieatiou  of  eases  in  which  the  third  and  fouith  Viriw-i  ii(  the  fuiiii^lu  n 

be  omitted,     .        . 

Number  of  plaoes  ta  which  the  logs,  of  the  difibreiJt  lernis  iiiiii^l  Ijc  catrji 

Uemonstratioii  of  the  foiTOula  for  difieranseof  loneitode,    . 

Fnrm  and  rationnis  of  subadinry  table  for  its  oorteetioii  wlicii  iliii  Si'yj! 

line  exceeds  IG^  loiltif  ^    ....-■'' 
DemoQstration  of  tlie  formula  for  diilbrense  of  a:!imutb, 
Rule  far  tlie  direction  in  which  azimuths  are  to  be  fflimutcJ, 
Form  used  on  the  U.  S.  Coast  Survey  and  example  of  iseoderii:  d^is'iLiii 

tlon  of  tatitadei  longiludo,  and  azimudi, 

VBOiEcrtoN  OF  Maps, 

Use  of  blauk  maps  by  plane  table  parties, 

Method  of  projcotion  by  tangent  cone, 

Rule  for  drawing  the  mop, 

Modification  of  the  molhod  of  a  pailly  inscribed  eui'.e, 

FurtJior  modification  of  Dolisle, 

PnOJECTlOH   OF  Fr.iJISIEl!D, 

Spherical  projection, 

Introduction  of  tho  oartli's  oblatene^>=, 

METHon  OF  Tnn  Fkkxce  Dij-OT  de  i.a  GnEEmv       ,        .        .        , 
.Demonstration  of  the  formula, 

LitraUDE    BY    ASTKOSOMLC    ObSEKVATIOBS, 

By  obeeiTations  with  lenilh  sector, 


Correction  for  refi-nclioti  in  zenith  teiesciqies, 
**         *'       inclination  of  vertical  axis, 

Kuductton  to  meridian 

General  foimuln,  including  all  the  corrections,    . 
lisBjnple  and  form  nsed  lo  tho  I).  S.  Coast  Survey,     . 
Ijongitude  by  celestial  observafioiis,    .        .        ,        , 
"         by  moon  eulminntions,       .         .        .        . 

Example, 

S}  difiereiice  in  time  of  culmhiution  of  the  moon  and 

Example,  .   ' 

Rale  when  the  meridian  is  dis^tsnl  Irom  thai  of  Green  n 

Formula  for  inteipotption, 

Longiliid'.  by  eclip-os  of  Tiipitar's  sytcllile'. 


Hosieanv  Google 


Astronomical  delermipalioii  of  azimi 
Azimuth  of  liie  sua  Or  a  atnr,     . 
Azimulli  by  Fokm  at  its  elongation, 
U'rigonometrio  lei-elling,    . 

MneHETIO    OBSEKVAriOHS, 

DoMtiption  of  the  deoIinomBler, 
Absolute  hoiizontnl  intensity,  . 
The  inclination, 


APPENDIX     'r  O     P  A  ii  T     V  [  . 

EssTRl^MENTS    i'OB    EXTft*    MeRHXAK    OESEKVailo:^*,    .... 

The  oqualorial  instrument, 

Tba  position  inictometat, 

Angles  of  poailion  and  diatsnoo  of  doiililu  stars,  .... 

Altitude  and  aiimutli  uislrument 

Form  for  reooiiiins  its  observationa 

Conversion  of  aatrouomfc  and  geocentric  luliuide,  .... 
Demonstration  of  tlie  fotmulas  for  the  tadina  of  cmvuUire  in  teinif  of  t; 

latitude, 

Demunstration  of  formula  lor  delorniiuiu|;  tlio  liauro  and  dimensions  of  tl 

eartli  fay  the  lengths  of  two  ineaBurod  degrees  in  dislDnt  ialitudas, 

Fonnulas  for  latitude,  flititudo,  and  time  of  observation  i:fe(l  in  jirime  roi-l 

caftransitB, 

DoMripIion  ol  the  Pulkova  and  Warihinstoii  insttuniBut^,    . 

Sinive's  formula, 

Example  from  Slrnve's  ohaetvalJons, 

Coueluding  note, 


Hosieanv  Google 


HosleaBv  Google 


PART     I. 

PLANE      TEIGONOMETKY, 


1.  Tkk  term  Tiuoonombtot  is  compounded  of  two  Greek  words, 
rjij^wof,  a  fii  angle,  and  ('■i^l<"',  measure,  signifying  literally  the  measurement 
of  triangles.  Tt  has  for  its  object  to  determine  the  unknown  parts  of  a 
triangle  when  a  suffiraent  number  of  the  parts  is  known. 

By  parte  or  elements  of  a  triangle  are  understood  commonly  the  sides 
and  angles,  though  trigonometry  properly  includes  tlio  measurement  of 
the  surface  also. 

Here  will  accordingly  be  six  elements  of  every  tn'angle,  namely  tlie 
tJiree  sides  and  the  three  angles. 

2.  It  baa  been  proved  (Plane  Geom.,  Theorems  1,  2,  and  5),  that  wlien 
two  triangles  have  three  elements,  one  of  which  is  a  side,  in  the  one,  equal 
respectively  to  the  con'esponding  elements  in  the  other,  tlie  triangles  are 
identical 

One  element  must  be  a  side,  because  if  the  three  angles  only  were 
equal  respectively  in  f3ie  two  triangles  they  would  be  but  similar  (Plane 
Geom.,  Theorem  63) ;  that  is,  ahke  in  shape  but  not  necessarily  in  size. 

Since  all  triangles  which  have  three  elemente  equal,  are  by  consequence 
equal,  it  is  said  that  three  given  elements  detenaiue  a  triangle ;  that  is, 
.  with  these  three  given  elemente,  but  one  triangle  can  be  foimed. 

There  is  one  exception  to  this  principle,  pointed  out  in  Prob.  8,  Plane 
Geom.,  where  two  sides  and  the  angle  opposite  one  of  them  are  ^ven,  in 
which  case  two  triangles  can  bo  constructed  with  the  g^ven  elements. 

3.  Three  elements  of  a  plane  triangle  being  given  then  (except  they  be 
the  three  angles),  it  ought  to  be  pa=sible  to  find  tlie  other  three,  since 
these  ai'e  fixed  by  their  dejiendence  upon  the  three  given. 

This  may  be  accompHshed  with  sufBdeiit  accuracy  for  many  purposes, 
by  means  of  construetaons  such  as  are  exlubited  at  Problems  5  and  8  of 
Plane  Geometrv. 
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2  PLANE   TEIGONOMETRY, 

We  shall  repeat  one  of  these  wnstiuctions,  enunciating  the  problem 
somewhat  diffiirently 

The  two  sides  and  included  angle  of  a  triaogle  being  gi\en,  let  it  be 
required  to  find  the  remaining  aide  and  the  other  two  angles 

Let  A  aid  b  be  the  two  given 
ades,  Jind  0  the  g^veii  included 
angle.  Draw  two  lines  dh  and  »o 
of  indefinite  lengtii,  making  with 
each  other  an  angle  equal  to  the 
given  angle  c.  Lay  off  on  the 
first  of  these  the  given  hne  A  fi'om 
D  to  E,  and  on  the  second  the 
given  line  b  from  d  to  r.  Join 
EF.     The  only  possible  triangh 

given,  elements,  in  which  ef  will  be  the  required  side,  and 
required  angles. 

The  finding  the  unknown  elements  of  a  triangle  by  means  of  those 
which  are  given  is  called  its  solution. 

4  The  method  of  solution  just  exhibited  is  rendered  more  practically 
useful  by  the  employment  of  scales  of  equal  parts  and  pcotractoi^. 

The  most  simple  form  of  the  scale  of  equal  parts  is  shown  in  the 
annexed  figure. 


i= 


=i= 


=±= 


-4TT7 


nd 


It  is  a  straight  rule  divided  into  any  number  of  equal  parts  ;  in  this 
example  ten,  and  one  of  these  again  into  ten,  so  that  the  smallest  division 
is  one  hundredth  of  the  whole  length  of  the  rule. 

The  folloiring  is  the  manner  of  using  it 

Suppose  that  it  is  reqiured  to  draw  upon  paper  a  hne  equal  in  length 
to  56. 

Place  one  foot  of  a  pair  of  dividers  at 
the  line  of  division  marked  5,  and  extend 
them  till  the  other  foot  reaches  exactly 
to  the  sixth  smaller  division  mark  on 
the  r^bt  of  0 ;  tlie  feet  of  the  dividers 
will  then  be  at  a  distance  of  58  apart. 
To  draw  now  the  required  Uno  upon  paper,  let  a  be  the  point  from  which 
!t  is  to  be  diawQ.     Placing  one  foot  of  the  dividere  at  a,  extended  the 
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dsitaBco  56  obtained  from  the  scale,  desr  rihe  with  tlie  other  an  aj'c  of  a 
ciroJe  on  the  side  to^vards  whidi  the  line  is  to  he  diawn  ;  thou  from  a 
draw  the  line  in  the  proper  direction,  teucmatuig  it  at  the  arc  hefore 
described,  and  it  will  be  tlie  line  required. 

Another  line  of  42  being  measured  from  the  scale  and  laid  down  upon 
tiie  paper,  the  two  lines  will  be  in  the  i'omo  of  56  to  42.  If  they  are  lines 
upon  a  map,  and  the  first  corresponds  to  a  line  of  56  feet  upon  the 
ground,  tie  second  will  correspond  fo  a  line  of  i2  feet.  If  the  firat 
represent  5fl  yards,  or  chains,  or  miles,  the  second  will  represent  42 
yai'da,  or  <i&ins,  or  miles.  And  in  genei'al  lines  upon  the  same  drawing 
which  are  measured  in  parts  of  the  same  scale  must  be  understood  to  be 
expressed  in  unita  of  the  same  kind. 

The  sectoral  scale  of  equal  paits  consists  of  a  ruler  of  two  arms  moving 
on  a  hinge,  each  arm  being  divided  into  a  number  (usually  100)  of  equal 
parts.    To  set  this  scale  to  any  size,  say  40  parts  to  the  inch,  the  arms 


raust  be  separated  by  turning  them  round  the  liinge,  till  a  pair  of 
dividers  opened  (o  the  distance  of  an  incii  will  extend  exactly  from  the 
division  marked  40  on  one  ni'm,  to  tliat  mai'ked  40  on  tie  other. 

If  now  any  other  distance  be  required  upon  a  scale  of  40  parts  to  ihe 
inch,  as  for  instance  the  distance  65,  the  dividers  must  be  opened  till  they 
will  extend  from  the  65tli  division  on  the  one  arm,  to  the  65th  division 
on  tlie  other. 

TJjis  kind  of  scale  is  constructed  on  the  prindple  that  lines  drawn 
parallel  to  each  other  between  the  sides  of  an  'angle  are  proportional  to 
the  parts  into  which  they  divide  the  sides.  (See  Plane  Geom..  Theorems 
$1,  63,  flS.) 

l1  scale  of  equal  parts  is  constructed  as  aeen  in  the  diaa^am. 
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l>y  jirfrallel  lines  drawn  along  a  ruler  in  sufficient  number  to  embrace  10 
spaces   between  tliem.     Transverse  lines   are  drawn  perpendicularly  to 


1 

y            1 

-ri--\-H-mi-| 

tbeso  at  intervals  usually  but  not  necessarily  equal  to  the  whole  breadth 
of  the  10  spaces.  The  last  one  of  these  intervals  is  divided  into  ten 
spaces,  and  the  first  division  at  top  is  joined  to  the  second  at  bottom,  the 
second  at  top  to  the  third  at  bottom,  and  so  on  by  diagonal  lines. 

To  measure  any  distance  oii  this  scale,  as  456,  place  the  dividers  on  the 
Ctli  horizontal  line  from  the  top  with  one  foot  upon  the  4tli  of  the  lai^r 
divisions,  from  the  1st  on  the  right,  and  extend  the  other  foot  of  the 
dividei^  till  it  reaches  to  the  5th  smaller  division  in  the  right  hand  square, 
fi.  Before  describing  the  prolracfor,  which  is  an  instrument  for  laying 
off  angles;  it  will  be  necessary  to  explain  tho  method  of  estimating  the 
mj^nitude  of  angles. 

In  Geometiy,  it  is  shown  that  angles  are  proportional  to  the  area 
included  between  their  sides,  the  arcs  being  described  with  equal  radii, 
and  it  is  also  there  stated  tliat  hence  such  arcs  are  properly  the  measures 

So  that  if  an  arc  included  between  two  sides  of  one  angle  be  double,  or 
triple,  or  sextuple,  an  arc  desci'ibed  with  the  same  radios  included 
between  the  sides  of  another  angle,  tiie  first  angle  is  double,  triple,  or 
sextuple  the  second. 

The  relative  m^nitudea  of  angles  may  thei'efoi'e  be  correctly  expressed 
by  means  of  the  relative  aiagnitudes  of  the  arcs  which  measure  them. 

The  relative  magnitudes  of  quantities  are  commonly  given  by  referring 
the  qxiantifies  to  bo  compared  to  some  known  standard  of  measure,  which 
must  be  always  of  the  same  kind  with  the  quantities  themselves. 

This  standard  is  called  a  unit  Thus  a  foot,  a  yard,  &c.,  are  units  of 
length,  and  the  idea  of  the  relative  lengths  of  two  lines  is  obtained  by  ils 
being  said  that  one  is  seven  feet  or  yaids,  and  the  other  nine.  Or  the 
just  coQception  of  the  length  of  -i  tmgU  hue  is  had  by  being  told  how 
many  feet,  yai'ds,  or  miles  it  contains.  The  mind  compares  it  with  one 
of  these  well  known  ^inila,  which  in  imagination  it  repeats  along  its  length. 
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NoTi  til  mit  ut  ni^asiTifi,  i\hicli  is  em[lojed  in  t  'amihr  iiianiiT 
for  ginng  flu.  cone  ption  of  the  maE^itii  le  of  an  are  is  c^lle  1  a 
degree  A  Jegi**  is  tha  s-J-g-  part  ot  tiie  areumfeienca  ot  a  circle 
The  reUfion  wluoh  any  given  arc  bear?  to  the  whole  circumference  may 
be  conveniently  expressed  by  stiting  the  inimbt,r  of  degrees  wlueh  the 
arc  contiins  Thus  an  arc  of  SO  degrees  mil  be  one  loiiitli  the  whole 
dreuraference.  An  aic  ot  45  degrees  will  be  one  eighth  An  wc  of  30 
degrees  wdl  be  somewhat  less  And  it  is  plain  thit  the  length  of  the  are, 
as  compared  with  the  whole  circumference,  may  be  readily  conceived,  as 
soon  as  the  number  of  degrees  which  it  contains  is  raontioned. 

So  also  the  magnitude  ot 
the  angles  subtended  by  tliesp  i 
ares  will,  after  a  httle  femi 
liaiity,  be  rendered  easily  sen- 
able  to  the  mind.  To  speak 
of  an  angle  of  10  degi'ees 
for  instance  (A  0  B  in  the 
annexed  diagram),  will  sug- 
gest the  image  of  a  very 
aente  angle,  one  of  60 
degrees  (A  C  D)  a  raucli 
Jaiger  acute  angle,  one  of  140 
degrees  (A  C  E)  an  obtuse  angle. 

A  degree  being  always  the  jj-^  part  of  a  circumference,  a  single 
degree  wiU  be  larger  in  a  larger  circle  than  in  a  smaller,  and  this,  so  far 
from  being  inconvenient,  is  particularly  advantageous  in  the  measurement 
of  angles ;  for  since  ares  described  about  the  vertex  of  an  angle  as  a 
centre  with  different  radii,  Mid  included  between  the  sides  of  the  angle, 
bear  the  same  relation  to  each  other  as  the  radii,  and  since  the  entire 
circumferences  are  also  proportional  to  their  radii,  it  follows  that  two 
concentric*  area  included  between  the  sides  of  the  same  angle,  and  having 
the  vertex  of  that  angle  for  a  centre,  are  the  same  ahquot  parts  of  their 
respective  drcumferenees.  Consequently,  two  such  ares  will  contain  the 
same  number  of  degrees.  Hence,  to  find  the  number  of  degrees  contained 
m  a  gHcn  Angle,  the  arc  described  for  the  purpose  about  the  vertex,  and 
extending  from  side  to  side  of  tlie  angle,  may  be  with  any  radius  at 
pleasure. 

'  Having  the  sanie  csnlre. 
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0  PLANE    TKIGONOMETRY. 

This  may  be  distinctly  seen  in  the  following  diagram. 

ACS  is  the  angle  ;  the  Jailer 
SIC  AB  included  between  its 
sides  contjuns  50  degrees  of  the 
ivliole  circumference ;  the  arc  ab 
with  the  Jesaer  radius  also  con- 
tains 50  degrees,  and  so  would 
an  arc  included  between  the 
sides  of  the  ^ven  angle  de- 
scribed with  any  other  radius 
whatever. 

Where  lie  size  of  an  angle  is 
such  that  it  does  not  embrace  an  exact  even  number  of  degrees  of  the 
drciunference,  smaller  divisions  called  minutes,  60  of  which  make  a 
degree,  are  employed.  The  angle  is  tlien  s^d  to  contain  as  many  degrees 
and  minutes  as  there  are  degrees  and  parts  of  a  degree,  each  ^j  over, 
between  its  sides.  If  the  second  side  of  the  angle  does  not  pass  exactly 
through  one  of  these  smaller  divisions,  a  still  smaller  kind  termed  seconds, 
GO  of  which  form  a  minute,  or  360  a  dogi'ee,  must  be  introduced. 


2W= 
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When  it  becomes  necessary  to  use  more  minute  divisions,  the  same 
system  is  continued.  The  nest  denomination  is  thirds,  60  of  which  make 
a  second ;  the  next  fourths,  and  so  on.* 

The  notation  for  these  denominations  is  as  follows.  Degrees  are 
written  thus  °  ;  minutes  thus ' ;  seconds  thus  "  ;  thirds  thus  '",  &c. ;  30° 
20'  10"  is  read  thirty  degrees,  tweaty  minutes,  and  ten  seconds. 

6.  It  is  evident  that  the  numbers  used  in  the  system  of  division,  for 
the  circumference  of  the  circle,  are  entirely  arbitrary.  Others  might 
be  employed  with  equal  propriety,  provided  the  same  priaciples  were 
observed.  In  fact  the  attempt  has  been  made,  and  probably  will  be 
successful  in  France,  to  subvert  the  old  system  of  division,  and  to  adopt 
a  decimal  system  in  this  as  well  as  in  every  other  sort  of  measurement. 
Thiis  a  right  angle,  which  is  the  unit  of  angles,  is  made  to  contiun  100° 
uistead  of  90 ;  and  the  circimiference  will  then  contain  400°  instead  of 
360.  100'  instead  of  60=il°,  100"=!'.  Degrees  in  the  centesimal 
diviaon  of  the  circumference  are  called  grades  ;  and  the  notation  in  this 
division  is '^ '\  Grades  are  converted  into  degrees  by  multiplying  by  ^'^ 
or  '9.     It  ivill  be  found  more  convenient  to  subtract  -^  of  the  ^ven 
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MEASUEEMENT    OF    AN'GLES.  7 

aumter  of  grades  from  the  ^veii  number  itself.     The  two  methods  above 
described  are  called  the  sexagesimal  and  the  centesimal  divisions. 

EXERCISES. 

1.  Conrert  42s  3*'  Bfl"  or  43»'345e  into  degrees,  &c. 

Am.  38M1I04  or  38°  a'  3e"'74. 

2.  Convert  24°  St'  46"  mto  grades,  Ac.  Arts.  Ste  62"  50". 

3.  Prove  45°  16'  2O"=50?  28'  SS^'SO. 

4.  Also,   10=  IB'  48"=]tB  40"  S""'09.    6.  Also,  18=  10'  48"=20f  20\* 

The  Bemi-circumference  oE  a  drcle  whose  radina  is  1  ia  3 '141 592 9 5 =180°  .■.  1°^ 
*)'0n*53293  .-.  I '=0-0002908882  .".  I"=0-00000i84ai3'7. 

AgMn,  ■■-  °  -■=57°-a957'I96=3iS'7'''7467T=a0^264"-80a,  is  iha  length  ol' 
tbe  radiua  of  anj  eircie  expressed  iu  degrees  or  minutes  or  seconds  as  units  of  leugtli. 

7,  Another  method  of  expressing;  the  magnitudes  of  angles  is  as  follows. 

A  distance  at  pleasure  is  laid  off  from  the  vertex  of  the  angle  upon  one 
of  the  sides,  and  a  perpendicular  there  drawn  to  this  ade  till  it  meets  the 
other  side  of  the  angle.  The  ratJo  of  this  perpendicular  to  the  distance 
from  its  foot  to  the  vertex,  serves  to  indicate  the  size  of  the  angle. 

For  example,  if  the  line  bodb  be 
perpendicular  to  the  line  ab,  and  bc 
be  one  fourtli  ab,  the  migle  bao  is 
said  lo  be  an  angle  of  J.  If  bd  be  one 
half  AB,  tlie  aoglo  bad  is  said  to  be 
an  angle  of  -J.  If  be  be  equal  to  ab, 
BAB  is  s^d  to  be  an  ande  of  1 ;  and 
n  f  th  m  mt  d  An 
pla    1)    half  a    right 


n  1         i 
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t  js  much 
p  es    ike    degr 


excavations  and 


wh  h  are  now  prepared  to  describe  is  an  mstru 
po  p  p  an  angle  of  any  givLU  number  of  degrees 
This  instrument  is  made  in  a  variety  of  forma  ;  sometimes  with  a  full 
circle  divided  into  degrees,  sometimes  comprising  oniy  a  semicircle, 
sometimes  upon  a  rectangular  rule  having  not  the  ciicumft.ience  but  the 
radii  drawn,  as  they  would  be  through  the  divisions  of  the  circumference 
if  it  were  actually  described.     The  first  kmd  is  made  usuallj  of  brass 

*■  It  is  quite  uanecassarj  to  use  the  Bjmbols  "■  and  "\     J485'5926  would  eoma- 
times  be  written  l'*485936,  where  the  symbol  i  denotes  a  quadrant  or  right  angle 
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S  fhAKE    THIGOXOMBTRy. 

It  hfia  a  metallic  radius  movable  about  the  centre  of  the  circle,  and 
extending  beyond  the  circumference.  This  prolonged  radius  serves  fo 
point  out  tie  number  of  degrees,  and  is  armed  with  a  sharp  pin  under 
the  outer  exti'emity  for  the  purpose  of  pricking  the  paper,  ao  that  when 
the  instrument  is  removed  a  line  may  be  drawn  with  pendl  through  this 
[>oint,  and  that  upon  which  the  centre  was  placed. 

PKOIRACl'OR, 


wliicli  is  the  one  most  commonly  seen,  is  a  semicirde  of  brass  (or  other 
metal),  having  the  greater  part  of  the  interior  cut  out  to  render  the 
instrument  less  heavy. 

The  semi-circumference  is  divided  into  degrees  by  marks  made  in  tha 
metal,  mid  these  ai'e  numbered  from  0°  to  180  (the  number  in  a  semi- 
drcumference)  both  ways,  in  order  that  the  counting  may  commence  with 
convenience  at  either  end. 

Tlje  degrees  are  also  sometimes  divided  into  half  degree,  and  lines  of 
(liffeient  length  are  employed  to  mark  more  distinctly  every  five  and 
every  1«n  degrees.* 

The  centre  is  marked  by  a  notch  in  the  straight  side  of  the  instrument, 
which  side  is  a  diameter  of  the  semidrclo.f 

9.  In  order  to  explain  the  nse  of  the  instrument  here  described, 
snppose  it  be  required  to  draw  at  the  point  a  in  the  line  ab  a  line  making 
with  AB  an  angle  of  22°. 

*  Sanh  a  divieioii  of  inetrumeata  is  termed  graduation, 

f  Thie  instrument  maybe  made  out  (f  paper,  and  a  large  one  so  mndo  is  very 
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BE  MI- CIRCULAR    PROTRACTOR.  9 

Place  tlie  protractor  so  that  its  (i 

centra  sball  lie  upon  tbe  point  A, 
and  its  straigfit  edge  or  diameter 
upon  tlie  line  ab.     Then  mark  the 

paper  at  the  point  c  agiuuat  the  S2d  J  ',       E      " 

division  of  the  protractor,  and  a  line  joining  c  and  a  will  foria  with  ab 
the  ang^le  required. 

10.  We  are  now  prepared  to  constnict  triangles  when  three  of  their  six 
elemente  are  g^ven,  the  angles  in  degrees  and  the  sides  in  feet,  yards,  or 
other  linear  units. 

In  order  to  show,  the  practical  utihty  of  trigonometiy  at  the  same  time 
that  we  explain  tbe  solution  of  a  triangle,  let  iw  take  the  following 
prohlem  in  the  calculation  of  distances  to  inaccessible  objects. 

Suppose  a  fort  situated  upon  an  island,  and  a  light-house  upon  the 
main  shore,  and  let  the  distance  from  the  light-iiouae  to  the  nearest  salient 
of  the  fort  be  required. 

Measure  a  line  along  the  shore  of  inv 
length  at  pleasure,  say  500  yards,  beginning 
at  tbe  light-house.  Then  if  t«o  Ime'  be 
imagined  to  be  drawn  fiom  the  extrenntiti 
of  the  line  just  meaauied,  to  the  sahent  ul 
the  fort,  a  largo  triangle  will  be  foimtd 
Laving  its  two  longest  ■jides  testing  upon  the 
sea.  If  now  the  angles  which  these  t«o 
sides  form  with  the  firat  aide,  which  wp  will 
call  the  base,  could  be  determined  by  i>bsei 
vation  upon  the  shore,  theie  would  be  known 
in  this  triangle  a  side  and  the  two  adjacent 
angles,  which  would  he  sufficient  data  to  construct  the  triangle  on  a  small 
scale,  and  to  obtain  the  length  of  the  required  side  extending  fi-om  the 
ligbt^house  to  the  salient  of  the  fort. 

A  somewhat  rude  instrument  for  the  purpose  of  observing  such  angles 
as  those  alluded  to  above,  might  easily  be  made. 

Let  there  be  a  cirele,  or  flat  circular  ring  df  wood,  divided  into  degrees, 
and  having  a  tin  tube  movable  upon  a  pivot  at  the  centre  of  the  circle  ; 
the  tube  brang  closed  at  one  end  except  a  yeT  small  orifice,  and  having  two 
threads  crossing  at  right  angles  in  the  centre  of  the  other  end,  so  that  in  loot- 
ing through  the  tube  with  the  eye  at  the  small  orifice,  the  line  of  sight  may 
coincide  with  the  axis.  Let  this  apparatus  be  mounted  upon  a  three-legged 
st^nd  called  a  tripod,  so  that  the  plane  of  the  circle  shall  be  horizontal ;  then, 
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by  placing  the  instru- 
ment thus  formed  at 
the  lighthouse,  in  the 
example  above,  and 
sighting  wkh  the  tube, 
firat  to  a  staff  at  the 
other  estremity  of  the 
base,  and  then  to  the 
salient  of  the  fort, 
keeping  the  circle  sta- 
tionary, the  number 
of  degrees  passed  over 
uponitadrcumferencti  by  the  tube  will  indicate  the  angle  of  tlie  triangle  at 
the  light-house.  This  angle  we  shall  suppose  to  be  lOej".  The  angle 
at  the  otJier  extremity  of  the  base  might  be  found  in  the  same  manner, 
and  suppose  it  47°.* 

To  construct  tJie  triangle  with  these  data,  draw  on  paper      ^ 
a  line  AB,  and  maie  it  equal  in  length  to  five  hundred 
divisions  of  some  scale  of  equal   parts.f     Then  draw  an 
indofioite  line  ao  making  with  ab  an  angle  of  105j°.  Also 
lay  off  in  a  similar  manner  at  the  point  d  an  angle  of  47° ; 
the  two  lines  ac  and  bo  will  meet  at  c.    Take  the  line 
AO  in  the  dividers  and  apply  tbem  to  the  scale,     Tlie  number  of  equal 
parts  upon  tlie  scale  between  the  feet  of  tlie  dividers,  will  show  the  num- 
ber of  yards  from  the  light-house  to  the  fort.    The  number  is  791. 

If  the  angle  at  c  were  required,  it  might  be  measured  by  a])plying  \a 
it  the  protractor ;  or  it  is  equal  to  180° — (a+b)  ~  27j  °. 

The  sido  b  c,  if  among  the  sought  parts,  might  also  be  measured  from 


11.  The  instrument  described  above  may  be  rendered  suitable  for 
application  to  tlie  determination  of  heights.  If  a  round  bar  be  made  to 
project  horizontally  fi'ora  the  top  of  the  tripod,  so  that  the  graduated  cir- 
cular frame  can  be  suspended  by  the  socket  at  its  centre  in  a  vertical 
position,  it  will  then  sen'e  to  Ineasure  angles  in  a  vertical  plane.J 


It  here  described  is  of  course  very  rude.    It  was  deemed  nilviaaUo 
to  postpone  a  deBCriplion  of  more  accurate  inBtrumcnta  lo  h  subeaqnenl  part  of  tliB 

+  This  may  b6  done  conveniently  by  taking  50  divisions,  and  considering  eoch  divi- 

I  A  vertical  iilano  is  one  perpendicular  to  the  surface  of  the  eariu. 
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n 


To  stow  the  use  of  the  instrument  thus  prepated  take  the  following 
problem. 

Required  the  height  of  a  tower  which  stands  upon  horizontal  ground, 
and  the  hase  of  whith  is  : 

Measure  back  a 
distance  from  the 
base  of  the  tower, 
Bay  200  feet;  call 
this  distance  the 
base  line;  at  the 
extremity    of     the  ™" '''°'' 

base  Uno  place  the  instrument  an-angcd  for  tafeiug  vertical  angles  :  sus- 
pend a  plumb  line  from  the  centre  of  the  circle,  and  the  point  90°  distant 
from  that  in  which  the  plumb  line  cuts  the  drcumference  will  be  the. 
point  through  which  a  horizontal  radins  would  pass.  Then  sight  with  tlia 
tube  to  the  top  of  the  toWer :  the  number  of  degrees  between  the  tube 
and  the  horizontal  radius  just  mentioned,  will  be  the  measure  of  the  angle 
included  between  a  lino  drawn  to  the  top  of  the  tower  and  the  base  line; 
let  diis  number  be  30°.  Constrncting  a  right  angled  ti'iangle  upon  paper, 
having  its  base  200  and  angle  at  the  base  80°,  the  perpendicular  of  this 
Iriangla,  measured  by  a  scale  of  equal  parts,  will  be  the  height  of  'the 
bwer.  The  height  of  the  instrument  must  be  added  to  the  result 
found. 

N.  B.  The  ades  found  will  always  bo  expressed  in  units  of  the  same 
kind  as  tlie  base. 

12.  It  is  evident  tliat  when  any  three  parts  of  a  triangle,  one  of  which 
is  a  ^de,  are  given,  the  other  tliree  may  bo  discovered  by  a  process  similar 
to  those  just  exhibited. 

This  kind  of  solution  is  said  to  bo  by  construction. 

The  accuracy  of  the  results  must  depend  upon  the  niceness  of  the 
instruments,  and  the  care  with  which  the  constmction  is  made. 

A  degree  of  accui'acy  so  uncertain  and  so  variable  is  quite  inadequate 
for  many  purposes  to  which  Trigonometry  is  applied. 

A  method  of  calcuhUnt/  tho  required  from  the  given  parts  of  a  ti'iangle, 
which  should  produce  always  the  same  results  from  the  same  data,  and 
be  either  perfectly,  or  so  neatly  exact,  as  to  leave  an  error  of  no  impor- 
tance, however  great  the  dimensions  employed,  would  be  evidently  a 
desideratum.  Such  a  metiiod  we  have,  and  it  is  that  which  it  will  ba  tha 
object  of  the  roMdue  of  the  present  treatise  to  unfold. 

To  give  tlie  student  a  general  view  of  what  is  before  him,  it  will  ba 
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well  to  state  that  a  number  of  equations  will  lie  found,  eaeli  containing 
four  quantities,  ivliicli  quantities  will  be  general  expresdons  for  the 
measures  of  elements  of  a  tiiaiigle.  The  equation  will  express  tlie  true 
relation  between  tLese  elements.  By  making  one  of  these  eleiaents  the 
unknown  quantity  and  resolving  the  equation  with  respect  to  it,  its  value 
will  be  expressed  in  terms  of  the  other  three.  If  now  these  three  were 
pven,  the  value  of  flie  fourth  would  be  known  the  moment  the  values  of 
the  three  given  were  substituted  for  their  general  representatives. 

It  is  plain  that  as  many  such  general  equations  will  he  required,  as 
there  can  be  formed  essentially  different  combinations  of  four  out  of  the 
mx  elements  of  a  triangle. 

Equations  like  those  here  alluded  to  are  called  formulas,  because  each 
is  a  general  form,  under  which  a  multitude  of  particular  examples  are 
included. 

As  these  general  formulas  require  of  necessity  the  use  of  aJgebr  uc  ^j  mbc  is 
and  processes,  and  as  algebra,  from  its  power  and  application  to  decuni 
pose  combinations  of  quantity  so  as  to  extricat*  their  elements,  is  ofien 
called  analysis,  the  subject  upon  which  we  are  now  about  to  entei'  is 
called 


13.  The  sides  and  angles  of  a  ti'iangle  ai'e  not  quantities  of  a  similar 
kind,  and  therefore  do  not  admit  of  direct  comparison.  Since  angles  ai'e 
expressed  in  degrees,  and  sides  in  units  of  length,  one  of  the  first  princi- 
ples which  governs  the  formation  of  equations,  namely,  that  tlie  members 
and  terms  should  express  quantities  of  the  same  kind,  would  be  violated 
by  the  introduction  of  angles  and  sides  together,  without  some  modifica- 
tion of  one  or  both. 

The  expedient  which  has  been  invented  to  aeoommodate  these  hetero- 
geneous quantities  to  each  other,  is  that  of  employing  straight'  lines,  so 
related  to  the  arcs  which  measure  the  angles  of  a  triangle,  as  to  depend 
upon  these  9,Ks  for  their  length,  in  such  a  manner  that  when  the  ai'cs  are 
known,  these  straight  Knea  may  be  known  also ;  and  vice  versS.  The 
chords  of  arcs  Me  plainly  hues  of  this  description,  and  chords  were  at  one 
time  used  for  the  purpose  of  which  we  here  speak ;  but  there  is  a  more 
convenient  kiad  of  lines,  of  which  there  are  three  principal  sorts,  termed 
Kues,  tangents,  and  secants,  of  an  arc  or  angle,  called,  when  spoken  of 
collectively,  trigonomeirieal  lines,  the  nature  and  use  of  which  we  shall 
presently  explain.    These  lines  being  straight  and  expressed,  as  fh"y  will 
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be  found  to  be,  ill  linear  dimenaions,  like  the  aides  of  a  triuiigle,  tJiej-  may 
1)6  employed  with  the  latter  in  equations  or  fonnulie ;  and  vpLen,  by  the 
resolution  of  an  ec[UatJon  of  this  description,  one  of  these  trigonometrical 
linos  is  found  in  fei-ma  of  one  or  more  sides  of  the  triangle,  the  angle  to 
which  the  trigonometiieal  line  belongs  may  also  be  supposed  to  bo  known. 
How  the  former  is  known  from  the  latter  will  be  hereafter  explained.  Let 
it  be  talten  for  granted  here  that  the  knowledge  of  a  trigonometrical  line 
is  equivalent  to  the  knowledge  of  its  arc  or  angle,  and  vice  versS. 

The  trigonometjical  lines  are  sometimes  called  trigonometrical  functions* 
of  an  arc  or  angle. 

5,  we  now  proceed  to  ox^ihiio  tlio  na,ture 


and  p 


14.  The  sine  of  an  arc  is  a  pprppndi  ulir  1  t  till  from  one  extremity  of 
■c  upon  the  diametpr  drawn  through  thi^  otiier  extremity. 


le  of  tho 


The  same  line  mp  is  likewise  tlip 
■-ine  of  the  arc  bji,  betause  it  is  a 
perpendicular  let  fall  tiom  one  e\tre 
mity  M  of  the  <u  c  upon  the  dnmc 
ter  drawn  through  the  other  c\ 
tremitv  B 

lo  Two  "VlS  which  trjrath  r 
mike  a  semi  cireumference,  have,  it 
thus  ippedTs,  the  same  sine  Tno 
sudi  arc-5  ire  called  "iupplementt.  of  pach  other.  A  semicircle  contains 
180°  The  supplement  of  an  arc  is  therefore  what  is  left  after  taking  the 
arc  fiom  180°  or  200*  Thus  80°  is  the  supplement  of  100°.  70°  is 
the  supplement  of  110°.  85'  is  the  supplement  of  115*;  in  general 
90° — a,  or  200* — a  is  the  supplement  of  the  arc  a. 


*  One  quanlity  is  said  to 
way  upon  the  lutter  for  its 
increases  as  the  quantity  U) 
wbea  it  diminishes  as  the  o 


Jon  of  another,  when  the  former  depends  in  any 
is  snid  to  be  an  iacreasins  iiinclion  when  !; 

f«a.      The  latter  Is  called  the  ai^umenf. 
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The  Gappleraeiit  of  5Go   20'==  123°   40'. 

"  1860    ia'  =  _(6o   12'). 

37"=  4'   3"  =  142°   55' 57". 
"  115=   13'  2i"-G6<!=CA°  46'  . 

<•  aa(io   14'   17"=— (4GO   14' 


235  2S"-=«17Gs  75\ 
UOe  W   50"  =88;  f 


^  50". 


3  the  s 


i  equal  to  the 


e  will  be  0. 


Two  arcs,  then,  which  are  siipplements  of  each  other,  1 
sine,  or,  as  it  is  soraetamea  expressed,  the  sine  of  a 
sine  of  its  supplement. 

If  a  represent  aii  are  of  any  number  of  degrees,  the  notation  e 
to  express  the  sine  of  that  arc  is  sin,  «.     The  proposition*  above,  stated 
algebraically,  wiSl  stand  thus,  sin   a  =  siii   (180° — a.) 

The  sine  of  an  are  is  also  the  sine  of  the  angle  measured  by  that  arc 

10.  AVhen  the  arc  is  very  small,  it  is  ]Jain  that  its  sine  will  be  very 
Binall  also,  and  tliat  when  the  arc  is  0,  the  si 

As  the  arc  increases  the  sine 
increases  till  the  are  is  90°,  which, 
being  a  quarter  of  the  circumierence, 
h  called  a  quadrant,  the  sine  of  which 
is  R.  (n  signifying  i^iiis;  which 
line  this  letter,  whenever  emploj'cd 
hereafter,  will  .be  nnderetood  to 
represent) 

As  the  arc  increases  beyond  90", 
the  sine  diminishes,  i.  e.  becomes  a 
decreasing  function  of  the  arc,  till  the 
arcreaches  180°,  when  the  sine  is  0  again.  Beyond  this  value  of  the 
arc  the  sine  again  increases  till  the  arc  reaches  270°,  or  three  quadrants, 
when  the  sine  is  again  equal  in  length  to  n. 

e  decreases,  till  at  the  latter  value  it  is  a 
i  pursue  the  same  round  again,  and  no 


From  270"  to  360°  the  a 
third  time  0.     Beyond  360°  v 
new  variations  are  developed, 

17.  The  least  value  ofthe  sm 
at  360°. 


!  is  0.  It  has  this  value  at  0°,  at  1 


The 


e  of  the  si 


It  has  this  value  at  90°  and  at 


270°.    It  has  all  possible  values  between  0  and  b,  bnt  it  has  no  different 
*  ^e  word  propoadiioa  is  here  used  in  the  enliirRed  sense  of  anvtliiiia  proDoiiuleH 
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values,  as  the  arc  increases  to  two,  three,  and  four  quadrants,  from  those 
which  it  had  in  the  6rst.  So  that  when  the  siue  of  an  arc  greater  than 
M°  '  qu'  d  an  re,  having  an  equal  sine,  may  be  found  in  the  first 
qiL  d  t  T  find  this  arc  we  have  the  following  rule,  the  correctness  of 
wh  h  the  n  1  diagram  will  show.  Observe  how  many  degrees 
distant  fli  f  n  nation  of  the  given  arc  is  from  180°  or  360°,  according 
to  wh  I  f  th  two  is  nearest,  and  Uiat  number  of  degrees  and  frac- 
tion, f  1  g  will  be  the  arc  in  the  iirst  quadrant,  having  the  same 
sine  as  the  given  arc. 

For  example,  let  the  given  arc 
be  200°-  This  is  nearest  180°, 
and  differs  20°.  The  sine  of  20° 
is  equal  in  length  to  the  sine  of 
200°,  Or  M  p,  which  is  the  sine 
of  A  B  M,  is  also  the  sine  of  b  «. '  . 

Again,  Jet  the  ^ven  life  be 
300°.  This  is  nearest  360°  and 
differs  60°.  The  sine  of  60°  is 
equal  iu  length  to  the  sine  of 
300°. 

If  the  given  arc  exceeds  S60o,  subtract  360,  and  then  apply  the  rule 
just  given.  If  the  arc  contains  a  number  of  circumferences,  divide  by 
360,  and  apply  the  rule  to  the  remainder. 

18.  It  is  customary,  for  the  purpose  of  being  able  to  bring  the 
trigonometrical  lines  as  they  appear  in  tlie  tigure,  tlie  more  readily  before 
the  mind  when  the  figure  is  not  present,  to  be^ii  all  arcs  at  the  same 
point ;  and  the  point  commonly  chosen  is  the  extreme  right  of  the  cir- 
cumference, determined  by  the  intersection  of  the  horizontal  diameter  of 
the  circle  with  the  circumference.  This  is  the  point  a,  in  the  last  figure. 
An  arc  of  90°  will  then  reach  to  the  top  of  the  circle,  or  the  upper 
extremity  of  a  vertical  diameter.  An  arc  of  180°  will  terminate  at  tte 
left  of  the  circle,  or  of  the  horizontal  diameter.  An  arc  of  270°,  at  the 
lowest  point  of  the  circle,  or  lower  extremity  of  the  vertical  diameter.  An 
arc  of  360°,  at  the  right  of  the  drcle,  or  point  of  beginning. 

One  advantage  of  this  plan  will  readily  appear.  Since  the  arc  always 
commences  at  the  same  point,  namely,  the  right  of  the  drcle,  the  horizon- 
tal diameter  will  be  the  diameter  which  passes  througli  one  extremity  of 
the  arc,  and  wherever  the  arc  may  terminate,  the  perpendicnlar  from  the 
other  extremity  of  it,  which  is  the  definition  of  the  sine,  will  be  a  per- 
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pendicular  to  tlie  liorizontal  diameter ;  so  that  the  sines  of  all  area,  in  a 
diagram  so  constructed,  wiU  be  perpendiculars  to  tha  horizontal  diameter, 

ITie  sines  of  arcs  between  0°  and  180°  will  be  drawn  downwards  ;  and 
those  of  arcs  between,  180°  and  360°  wil!  be  drawn  upwards. 

According  to  the  general  principle  of  analysis,  that  quantities  estimated 
in  a  contrary  sense  are  distinguished  by  contrary  signs,  if  the  sines  of 
arcs  between  0°  and  180°  be  considered  as  positive,  those  of  arcs  between 
180°  and  330°  must  be  regarded  as  negative.* 


1<)  Tho  tingent  of  in  1 1  is  a  perpendicular 
Hie  o\trcii:iit>  of  the  aie  ind  terminated  by  the 
Disstss  fluoiigh  the  oOier  extremity.  , 

In  tie  annexed  dn 
^m  A  T  IS  the  t'iti!T''nt 


)  the  tingent  of  thi 


I  to  the  radius  at 
s  produced,  which 


b)  the  -ire 

Ihe  shorter  the  \tc 
IS,  the  shorter  wdl  be  the 
tangent,  WJien  tlie  ire 
IS  0,  the  tangent  mil 
evidently  be  0  As  the 
arc  mcreises,  the  tangent 
inert, '«ea,  and  very  npidly  as  tho  arc  approaches  90*'.  In  order  U<  trace 
the  tangent  thiougb  itt.  laiious  changes,  we  shall  suppose  tie  are  to  eom- 
menee  at  the  point  on  the  extreme  light  of  the  circle,  and  the  degrees  to 
be  counted  upwards,  towards  the  left,  as  ia  a  former  case — the  tangent  of 
every  arc  will  then  be  drawn  at  the  extremity  of  the  horizontal  radius  on 
the  right  of  the  centre,  and  be  terminated  by  the  radius  produced,  passing 
through  the  other  extremitj  of  the  arc,  which  extremity  will  vary  its 
position  as  the  are  varie'  itt.  magnitude. 


•  See  Algebra,  page  II 
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■^Mi  n  th  ire  IS  90  the  j  f  r 
fcndicular  to  tlie  raliua  at  one 
piitremity  IS  pwallel  to  the  I'adiis 
thiough  the  other  extremity 
Those  Jnes  will  cmcr  mfet,  an! 
the  tangent  w  11  hare  no  term  tii 
tioD  It  IS  m  thia  case  sai  i  to  b 
infinite  The  sign  einfloypd  ti 
exjres3  lafimly  jj  i  alsi  cilled 
the  siE^i  of  im}  ossibitty  The 
\alue  ot  the  tangent  oi  90  ii 
evpres-ed  al  ebitically  thu*  tii 
90  =  CO 

The  tingtnt  of  an  arc,  teimiiiat 
ing  in  the  second  quadrant,  will  be 
cut  off  below  the  origin*  of  the  arc. 
Thus  A  T  13  the  tangent  of  A  ii ; 
and  according  to  the  principle 
jlopf«d  when  tieatrag  of  the  sine, 
this  tangent,  being  m  the  opposite 
direction  to  thtt  of  the  tangent 
of  in  arc  in  Xhfi  first  quadrant,  is 

Wlien  the  arc  is  180°  the 
negative  tangent,  which  became 
shorter  and  shorter  as  the  second 
extremity  of  the  arc  approached 
this  point,  i^in  reduces  to  0. 
Beyond  180°,  or  in  the  thini 
quadrant,  the  tangent  is  cut  off 
above  the  origin  again.  Thus  a  i 
in  the  annexed  diagram,  is  the 
tangent  of  the  arc  A  b  m.  The 
tangent  of  an  arc  in  the  third 
quadrant    is,    therefore,    positive. 


s270° 


When  the  a 
nta,  the  tangent  becomes  paral- 
I  to  the  radins  which  produced 
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ought  to  terminate  it,  and 
the  tangent  is  again  co  ,* 

llift  tangent  of  an  arc  in  the 
fourth  quadrant  ja  negative, 
a^  may  he  seen  from  the 
annexed  diagram. 

20.  The  least  value  of  the 
tangent  is  0.  The  greatest 
value  is  o=.  So  that  the  tan- 
gent has  all  possible  values. 
But  these  it  has,  if  we  do 
not  regard  the  sign,  in.  the 
first  quadrant ;  and  the  same  rule  applies  to  finding  the  iength  of  the  tan- 
gent helonging  to  any  given  arc,  from  that  of  an  arc  in  the  first  quadrant, 
as  was  g^ven  for  the  sine. 

The  tangent  clianges  its  sign  in  every  qnadi'ant,  that  is  four  times  in 
going  round  the  circJe,  It  is  positive  in  the  fii'st  and  thhd,  two  diagonai 
quadrants,  and  negative  in  the  second  and  fourth,  the  other  two  diagonal 


at  the  top  and  bottom  of  the  circle,  and  0  on  the 


The  tangent  is  a 
right  and  left. 


21.  The  secant  of  an  arc  is  a  line  drawn  from  the  centre  of  the  circle 
to  the  estreinity  of  the  tangent. 

In  the  preceding  diagrams,  ct  is  the  secant  of  the  are  am.  It  is  also 
,tbe  secant  of  tlie  angle  measured  by  the  are. 

Aa  the  are  with  ils  tangent  diminishes,  the  secant  diminishes ;  and  when 
the  arc  and  tangent  are  0,  the  secant  is  equal  to  r.  The  secant  can  never 
be  less  than  radius,  because  the  tangent  cannot  pass  within  the  circum- 
ference, and  consequently  the  hne  from  the  centre  to  the  extremity  of  the 
tangent,  must  extend  at  least  to  the  circumference.  When  the  arc  is  90° 
the  secant  is  cc.  "When  the  are  is  ISC^  the  secant  is  e.  And  when  the 
are  is  270°  or  three  quadrants,  the  secant  is  again  co.  All  which  will 
appear  from  an  inspection  of  the  last  diagrams. 


•  The  infinity  liere  1 
always  iW  double  sign : 
—  value  or  viee  vera&. 


s  ihe   doubtfiil  or  doable  sign  +  co .      Zero  may   havH 
0.     Infinity  only  when  it  ie  the  transition  from  a  +  to  ■ 
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The  tangent  and  secant  Lave  their  greatest  vahies,  namely  cd,  together ; 
that  is,  at  the  top  and  bottom  of  the  drcle.  They  have  also  their  least 
values,  that  of  the  tangent  being  0,  and  that  of  the  secant  r,  together,  to 
wit,  at  the  light  and  left  points  of  the  circle. 

22.  In  the  fii'st  quadrant  the  secant  is  ^timated  from  the  centre  toward)! 
the  second  extremity  of  the  arc.  In  the  second  and  third  quadrants  it  ie 
estimated  in  the  opposite  direction.  According  to  the  prindple  which  it 
is  necessary  to  observe,  and  of  which  we  have  before  spoken,  the  secant 
joust  in  these  quadrants  he  conadered  as  negative.  In  tlie  fourth  quad- 
rant Ihe  secant  is  ^ain  estimated  towards  tlie  second  e:diremity  of  the  aec;. 
and  is  therefore  positive. 

The  vertJeal  diameter  separates  the  positive  from  the  negative  aecanla, 
the  positive  being  in  tlie  quadrants  on  the  right  of  this  diameter,  and  the 
negative  being  on  the  left. 

23.  "We  have  now  exhibited  three  of  tile  trigonometrical  lines.  There 
are  three  others  closely  conneeled  with  these  in  character,  called  the 
cosine,  the  cotangent,  and  the  c<secant;  the  reason  for  which  names  will 
presently  appeaiv 

The  difference  between  an  arc  or  angle  and  a  right  angle  or  91)^  =  lOO"^, 
is  called  ihe  complemeat  of  Uie  ai'c  or  angle.  Thus  iO°  is  the  comple- 
ment of  50° ;  60°  is  the  complement  of  30°  ;  75'  is  tlie  complement  of 
es=,  atid  in  general  00°— a,  or  100«— a,  is  the  complcraont  of  the  arc  ". 


i.  The  complement  of  S4°   39'  =  65°  38'. 

a.  "  110°   15'  =  — (90°   IS'), 

3.  "  17°   36'  43"  =  7ao  33'  )7". 

4.  "  290   27'   6"-33=60o  33'  53"'68., 

5.  "  216°   45'=— 1960   45'. 

G.  "  GSg  34^   27"=  34a  65'   73", 

7.  «  I07S  44"  Sa"  =  — 7»  44     "i 

The  cosine,  cotangent,  .ind  cosecant,  arc  the  s  no  tangent  s  d  secant  of 
the  complement.  Thiia  the  ccffiine  of  fiO°  ia  th  s  e  ot  40°  the  cotan- 
gent of  30°  is  the  tangent  of  60°  ;  and  in  ge  eral  tl  e  os  ne  cotangent, 
or  cosecant,  of  the  arc  «,  is  the  sine,  tangent,  o  seca  t  of  90° — a. 
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24  In  the  iiine^ed  dii 
gi  an  DM  15  the  complemenl 
of  the  i/c  AM ,  and  mq  bem;; 
a  perjendiouhr  from  one  ox 
tremity  m  of  the  arc  dm 
Upon  the  diametPi  which 
passes  through  the  other  o\ 
tiemity  D,  la  the  ^me  of  tho 
arc  DM  Thn\,foie  by  the 
definition  it  is  the  cosine  of 
the  arc  am.  But  mq  ^  op. 
Hence  op  is  also  the  cosine 
of  tho  arc  AM.     We   have 

then  another  defiiution  for  the  cosine  of  an  arc,  viz  the  distance  /rom  the 
foot  of  the  sine  of  the  are  lo  fhe  centre  of  the  circle 

25.  If  the  arc  terminate  on  the  right  of  the  vertical  diameter  i  e  in 
the  first  or  fourth  quadrant,  the  foot  of  the  smo  wil!  tall  on  the  iiE;ht 
of"  the  centre;  hut  if  the  ai'o  terminate  on  the  Ipft  of  the  vertical 
diameter,  i.  e.  in  the  2d  or  3d  quadrant,  the  ioot  cf  the  sine  mil  fall  on 
the  left,  of  the  centre.  The  cosine  being  estimated  in  opposite  directions 
ill  these  two  cases,  must  have  opposite  signs.  It  is  therefore  positive  in  the 
1st  and  4th  quadrants,  sndnegative  in  the  2d  and  3d. 

It  will  be  recollected  that  tlie  positive  were  separated  &om  the  negative 
secants,  as  the  positive  ace  here  seen  to  be  from  the  negative  cosines,  by 
the  vertical  diameter.  The  secant  and  cosine  have  therefore  always  the 
same  algebraic  sign. 

(180°— a)  — sin  a;   so  also  cos. 

since  they  are  both  the  distance 

the  diagram  of  Art.  14)  to  tho  c 


It  was  shown  (ArL  15),  that 
(180°^ — a)  is  equal  in  length  to  o 
from  the  foot  of  the  same  sine  (mp 


8  to  originate  at  a,  the  other  at  b, 
and  both  to  be  extended  towards  m  in  opposite  directions.*  But  if  a 
<  90°,  it  follows  that  180°— a  terminates  in  the  second  quadrant,  hence 
its  cosine  is  negative;  if  a  >  90°  then  cos.  a  is  negative,  and  180° — a 
being  in  the  first  quadrant,  its  cosine  is  positive  ;  therefore,  the  eodne  of 
an  arc  and  the  cosine  of  its  supplement  are  equal  with  contrary  sifftis. 


i  to  on^nnte  at  the  as 
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26.  Tlie  cosine  of  0°  (being  equal  to  the  sine  of  the  complement  of 
0°  which  13  90°)  is  e.  The  cosine  of  90"  is  equal  to  tlio  sine  of  Oo,' 
which  is  0.  The  cosine  of  180°,  being  the  distance  fi'om  tJie  foot  of  the 
Mne  (o  the  centre,  and  being  also  on  the  left  of  (lie  verdcal  diametev,  is 
—  K,  as  may  be  seen  from  the  preceding  diagram.  The  cosine  of  270°, 
being  the  distance  fcoia  die  foot  of  the  sine  to  the  centi-e,  since  the  sine 
falls  on  the  centre,  is  0. 

The  least  value  of  the  codue  is  0 ;  the  greatest  value  is  n.  When  the 
sine  has  its  least  value,  the  cosine  has  its  greatest ;  and  vice  versfi. 

The  versed  sine  of  an  arc,  which  is  seldom  employed  in  Tiigonometry, 
but  often  in  Mechanics,  is  the  distance  from  the  foot  of  the  sine  to  the 
origin  of  the  arc,  thus  pa  in  the  last  diagram  is  the  veiised  sine  of  the  arc 

2V.  Before  noticing  the  cotangent  and  cosecant,  !et  us  consider  the  man- 
ner of  treating  negative  arcs. 
Such  area  commencing  at  the 
point  A  in  the  diagram  ought 
evidently,  oa  the  general 
principle  already  repeatedly 
mentioned,  to  be  laid  off 
upon  the  drcumfptence  in 
the  opposite  direction  from 
the  positive  area,  i.  e,  down- 
wards. 

Let  us  for  simplicity  sup- 
pose the  arc  in  question  to 

be  less  than  a  quadrant;  being  laid  off  downwards,  such  a 
minate  in  the  fourth  quadrant.  Hence  we  see  that  the  trigonometrical 
lines  of  a  negative  ai*  must  be  affected  with  the  same  signs  as  those  of 
an  are  in  the  fourth  quadrant.  Thus  the  sine  of  a  negative  arc  will  be  — , 
the  cosine  +,  the  tangent  — ,  the  secant  -f-- 

Secondly,  suppose  the  given  negative  arc  to  be  greater  than  a  quad- 
rant ;  were  it  positive,  some  of  its  trigonometrical  lines  would  be  negatave. 
Tlie  vule  given  above,  which  detcnnines  the  signs  of  Us  trigonometrical 
Imes,  by  those  of  an  arc  in  the  4tli  quadrant,  will  apply  with  this  modifica- 
tion, that  tnhen  the  triffmometrtcal  line  is  +  in  the  fourth  quadrant,  the 
correspmding  trigimtmietrical  live  <f  the  negative  arc  has  the  sa^ne  sign  as 
that  (f  apositiw  arc  of  the  same  magnitude,  and  when  the  trigcmomei^ 
cal  line  is  —  in.  the  jharth  quadrant,  a  contrary  siffii, 

Tlie  ti'Uth  of  this  assertion  may  be  seen,  by  trying  negative  arcs  of 
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various  maguitmles  upon  the  diagram,  laying  them  off  downwards  from 
the  right  point  of  tlie  circle,  and  observing  in  which  quadrant  thpir 
extremities  fell.  They  will  be  found  in  every  case  to  give  results  agreea- 
Wu  to  the  ruin  just  slated. 


SS.  The  cotangent  of  0°  is  equal  to  the  tangent  of  90°  (Art.  23)  and 
k  therefore  oo.  The  cotangent  of  90°  is  equal  to  the  tangent  of  0°  and 
is  0.  The  cotangent  of  180°  is  equai  to  the  tangent  of  00°  —  !80o  = 
tbo  tangent  of — -90°=  co,  since  —  90°  is  a  negative  arc,  and  terminates 
at  the  bottom  of  tlie  circle,  or  the  270°  point.  The  cotangent  of 
%7a°=  the  tangent  of  90°  —  3'70°=the  tangent  of  —  180°  =  0. 

When  the  tangent  has  ita  least  value,  which  is  0,  tlie  cotangent  has  its 
greatest  which  is  co,  and  vice  vers.1. 

29.  The  cosecant  of  0°=the  secant  of  90°=  os.  The  cosecant  of 
90°  —  the  secant  of  0°  =  a.  The  cosecant  of  180°  =  the  secant  of 
D0°  —  180°  =  ro.  The  cosecant  of  270°  =  the  secant  of—  180°  =  —  r. 

When  the  secant  has  its  least  value,  which  is  b,  the  cosecant  has  its 
greatest,  which  is  oo,  and  vice  versS,  The  cotangent  and  cosecant  have 
ttieir  greatest  valn^  together  and  their  least  values  together,  viz.  that  of 
the  one  0,  of  the  other  n,  at  the  top  and  bottom  of  the  circle,  and  both 
o)  at  the  right  and  left  points. 

30.  With  r(^rd  to  the  signs  of  the  cotangent  and  cosecant  in  the  dif- 
ferent quadrants,  they  will  be  moat  conveniently  discovered  from  the 
analytical  expressions  for  tliese  lines  which  we  shall  presently  have.  We 
add  here,  however,  which  so  tar  as  the  cotangent  and  cosecant  are  con- 
cerned must  be  for  a  moment  taken  for  granted,  that  the  six  trigonome- 
trical lines  may  be  arranged  in  three  pairs,  each  pair  having  always  the 
same  algebraic  sign. 

We  have  seen  that  the  secant  and  cosine  go  together  in  this  way ;  so 
do  also  the  cosecant  and  sine;  and  so  do  the  tangent  and  cotangent. 
The  positive  sines  and  cosecants  are  separated  from  the  negative  by  the 
horizontal  diameter ;  the  positive  cosines  and  secants  from  the  negative, 
by  the  vertical  diameter ;  and  the  tangent  and  cotangent  are  together  -|- 
aod  —  alternately  in  the  successive  quadrants. 

31.  The  following  algebwuc  notation  is  employed  for  tjie  six  trigono- 
metrical lines.  Let  a  be  the  algebraic  expression  for  the  number  of 
degrees  in  any  arc,  then  the  trigonometrical  lines  of  the  arc  a  vriil  be 
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Cot  a  tau  a  —  b'  is  read,  the  cotangent  of  the  arc  a  multiplied  by 
the  tangent  of  the  same  arc  is  equal  to  the  square  of  the  radius  of  tlie 
circle  in  which  these  trigonometrical  lines  are  supposed  to  be  drawn.  Cot  a 
and  tan  a  are  expresaons  for  str^ght  lines,  and  the  equation  above 
expresses  that  tbo  rectangle  formed  by  the  tangent  and  cotangent  of  an 
arc  is  equivalent  to  the  square  formed  upon  the  radius. 

The  two  members  of  tlie  above  equation  contain  the  same  number  of 
dimensions,  and  are  therefore  hom<^neou5.  This  ought  to  be  the  case 
in  al!  trigonometrical  equations ;  because  a  lino  cannot  be  equal  to  the 
rectangle  of  two  lines  or  a  surface,  nor  either  of  those  to  a  solid. 

Sometiaies  in  analytical  inveatigaUons  R  is  supposed  to  be  equal  to  1 ; 
r"  and  r'  would  also  be  equal  to  1.  Whether  this  1  is  a  unit  of  length, 
of  surface,  or  of  solidity,  must  be  determined  by  what  is  required  to  pre- 
serve the  homogeneity  of  the  equation. 

32.  The  tangent,  secant,  cotangent,  and  cosecant  may  be  expressed  in 
tijnns  of  the  sine  and  cosine. 

The  values  of  the  foiu'  former  in  terms  of  the  two  latter  arc  derived 
geometrically     as    fol- 

Cal!  the  are  am  in 
the  diagram,  a  ;  then 
DM  =  90° — a  =  com- 
plement of  a,  DB  = 
cot  a  andcE=:coseca. 

In  the  similar  tri- 
angles CPU  and  CAT, 
since  homologous  sides 
are    proportional,     we 


lultiplying  the  means  and  dividing  by  the  first  term,  we  obtain 


that  is,  the  tangent  of  any  arc  is  equal  to  radius  multiplied  hy  Ike  su 
divided  by  the  cosine  of  the  same  arc.     If  n  bo  made  equal  to  1,  then 
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}3.  In  the  same  similar  triangles  we  have 


34.  Ill  tlie  triangles  cmp  and  cbd,  whicli  have  their  sides  respectivelj 
parallel,  and  are  therefore  similar,  we  have  the  proportion,* 


vhertix, 


35.  The  same  triangles  ^ve  also  the  proportion 


•  The  homologous  sidea  are  those  which  are  parallo!. 
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36.  In  the  tvpiessions  foi  this  Uig  nt  anl  c  tmt,eut  whicli  we  Lave 
heio  derived,  it  w  II  be  observed  t!iit  we  have  tha  quotient  of  the  sine 
and  cosine,  and  tliat  therefoic  when  the  sine  and  cosine  have  contrary 
signs,  the  tangent  and  lotangcnt  will  bo  negitm,  Th  s  occui's  in  tlie 
second  ind  fou  th  quodiants 

It  appears  hence  tliit  the  cotangent  ch  in^es  its  si^n  -ilways  with  the 
tangent 

.Also  that  both  the  tangint  and  cotangent  of  an  ai-c  are  cc[ual  to  those 
of  its  snpjlemont  with  TOtitiaiy  signs. 

From  the  expessions  fji  the  secant  and  cosecant,  it  appears  that  the 
former  must  always  have  the  same  sign  as  tlie  cosine,  and  the  latter  the 
same  as  the  sine. 

The  forraidas  derived  in  the  last  four  articles  should  be  committed  to 
memory. 

Qnanlitioa  in  dianging  tlieit  eigna  pass  through  zero  or  infinity.  (See  Alg.  Nola 
3d,  p.  176.)  Tims  the  sine  changes  from  -J-  to  —  or  vice  vcrail,  twice  in  going 
round  tho  eirele  ;  viz.  in  paesing  through  0  at  0°  and  180°  ;  the  cusino  twice  in  pass- 
ing through  0  at  90°  and  270°  ;  the  tangent  four  times,  in  passing  through  0  at  0° 
and  180°,  and  a>  at  90°  and  970°  ;  rhe  eolangenl  font  times,  in  passing  ihrougli 
0  at  90°  and  270°,  and  through  infinity  at  0°  and  180°  ;  the  secant  twice,  in  passing 
through  o3  at  90°  and  270°  ;  the  cosecant  twice,  in  passing  thi-ough  on  al  0°  and 
180°. 

37,  Multiplying  the  expression  for  the  tangent  given  in  Art.  32  by  that 
of  the  cotangent  in  Art.  34,  we  have 

tan  a  cot  «  =;  r' 


when  R  =  1  the  above  expressions  become 


,  e.  the  tangent  and  cotangent  are  reciprocals  of  each  other. 


Hosieanv  Google 


'HIGONOMETEY. 


1.  Exprcas  each  of  ihe  aii  trigonometrical  lines  In  Unas  of  each  one  of  the  other 

five  by  itself. 
S,  Tho  sine  of  an  angle  being  0*856,  find  the  other  trigonomelrical  functions. 

3.  The  tangent  being  3"34,  find  the  others. 

4.  The  eotangent  being  l-aOS. 

5.  Stale  the  equivalents  of  the  following  functions  of  angles  greater  than  90°,  or 

oblusa  angles  in  equivalent  funetiona  of  angles  less  than  90°  or  acute  angles, 
sin  170°,  COS  147°,  Ian  m°  31',  cot  171°  14',  sec  171°,  coaeo  155°, 
see  ai5f,  0O8  318^  I0\  tan  271^  81\  cot  a04e  18'  94". 

6.  Find  the  versed  sine  of  the  angle,  the  cosine  of  which  U  -SSSSS. 

7.  Prove  the  vers.  ^1  —  cos  to  be  always  positive. 

8.  Prove  the  gtea'est  value  of  the  versed  sine  to  be  3r. 

38,  We  are  oow  prepared  to  fiuil  formulas  for  the  solution  of  right 
angled  plane  triangles,  in  all  eases,  and  plane  triangles  in  general  in  a  fevf 
particular  ones.  The  remaining  cases  of  triangles  in  general  will  require 
further  preliminary  matter. 


pLrpen  licular  to  cs.     mp  will  I     tl  f  th 

drinn  from  one  extremity  m     t  th  j     [ 

«hieh  passes  through  the  othe       t       tj 

MP  18  also  the  sine  of  the  angl  th 

which  the  arc  mk  helongs. 

The  two  triangles  omp  and  q  ! 

the  proportion 

CM  :  MP  t :  en  :  BA  or  R :  sin  c  :  : 

Had  an  arc  been  described  with  b  as  a  centre  i 
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should  liave  had  r  :  sin  b  :  :  bc  :  ca,  from  which  it  appeal's  that  tite  radius 
of  any  drcle  whatever*  bears  the  same  proportion  to  the  sine  in  that  circle 
of  the  arc  which  measures  <ma  of  ike  acute  angles  of  a  right  taigled 
triangle,  that  the  hypotheimse  of  the  triangle  does  to  (lie  side  opposite  the 
acate  angle. 

It  is  customaiy,  for  condseuesa,  to  represent  the  sides  opposite  the 
angles  of  a  triangle  hy  small  letters  of  the  same  name  with  the  large  let- 
ters which  are  placed  at  the  angles  ;  which  large  letters  are  also  employed 
as  tlie  algebraic  representatives  of  the  angles.  Thus  in  the  triangle  above, 
A  being  the  right  angle,  the  hypothenuse  opposite  is  expressed  by  a  ;  tlie 
side  AC  opposite  b  is  represented  by  6,  and  so  the  other.  Tlie  above  pro- 
portions would,  according  to  tliis  method,  be  written  thus 

Both  these  proportions  are  expressed  in  the  single  rule  printed  in  italics 
above.  When  r  =  1,  multiplying  the  second  and  third  terms,  and 
dividing  by  the  first,  in  the  preceding  proportions  we  have 


(2) 


That  19  either  perp.  side  ^  the  hypoih.  X  the  sine  of  the  angle  c^posite. 

The  two  acute  angles  of  a  right  angled  tiianglo  are  iogethor  equal  to 
a  right  angle  or  90'^  (Piano  Geom.  Theorem  15,  Cor.  5),  therefore  they 
are  complements  of  each  other ;  hence  sin  c  ^  cos  b  ;  and  the  second  of 
the  above  proportions  (1)  may  be  changed  into 

.:„.::■.:.  (3) 

ivhich  may  be  tvanatated  into  ordinary  language  thus ;  radius  :  tlie  cosine 
of  one  of  the  acute  angles  of  a  right  angled  triangle  : :  the  hypothenuse'. 
the  side  adjacent  t!ie  acute  angle. 

When  any  three  terms  of  a  proportion  are  ^ven,  the  remwning  term 
can  be  found.     If  the  unknown  term  be  one  of  the  extremes,  multiply 

*  It  is  important  to  obEerve  tliat  the  same  Irigonomelrical  linae  of  angics  or  arcs 
containing  tlie  Bsine  number  of  dogreea  in  two  difierent  circles  bear  tbe  Heme  rela- 
tion to  each  other.    Thus  in  Itie  diagram  above,  c»i:  MP:  cm;  mf,  or, 

(n :  sin)  of  the  smaller  oirc  ; :  (a :  sin)  of  the  larKsr ; 

ojH  :  cp  : :  CM :  cp  or  (b  :  cos}  of  the  one : ;  (k  ;  cos)  nt'  the  other. 
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the  two  means  and  divide  by  Ike  other  extreme  ;  if  tlic  required  f*;rm  be  a 
mean,  multiply  the  two  extremes,  and  divide  by  the  other  mean. 

"When  B  =  1  we  have  from  proportion  (3)  above 

c  =  n  cos  B  (4) 

1,  e.  eJ(Aer  perpendicular  side  of  a  right  ant/led  triangle,  equal  to  the 
kypotk.  X  cos  of  the  adjacent  angle. 

The  above  formulas  contain  eack  of  them  two  of  the  sides  of  a 
triangle,  the  sine  or  cosine  of  an  angle,  and  radius.  If  the  lengths  of  the 
aides  be  given  in  numbers,  these  numbei's  may  be  put  in  place  of  the 
small  letters  which  represent  the  aides  in  the  proportion,  and  the  general 
form  becomes  so  far  adapted  to  a  pai^icular  case  in  tte  solution  of  rigbt- 
MJgled  triangles ;  but  if  the  angle  be  given  in  degrees,  how  ai'e  we  to 
know  its  sine  or  cosine,  for  that  is  the  quantity  which  enters  into  flie  for- 
mula ;  and  how  are  we  to  know  the  numerical  value  of  r  ?  For  the 
present  the  student  must  be  satisfied  with  the  reply,  that  he  can  find  the 
numerical  value  of  any  trigonometi'ical  line  corresponding  to  an  angle  of 
any  given  number  of  degrees,  in-a  table  at  the  end  of  the  work.  This  is 
Tabw;  XXIV.*  of  Natm'al  Sines.  The  degi'eea  for  angles  or  arcs  of  every 
magnitude  within  the  quadrant  will  be  found  at  the  top  ^of  the  columns 
of  the  table,  and  the  minutes  in  the  column  marked  m  on  the  left,  if  the 
given  angle  or  arc  be  less  than  45°  ;  but  if  it  be  greater  than  46°,  the 
degi'ees  will  be  found  at  the  bottom  of  the  page,  and  the  minutes  on  the 
right;  the  length  of  the  sine  or  cosine  \vill  be  found  in  the  column  under 
or  over  the  degrees,  as  the  case  may  be,  and  on  tlie  same  horizontal  line 
with  the  minutes.  The  title  of  the  column  must  be  looked  for  at  fop  if 
the  are  be  less  than  45°,  and  at  bottom  if  the  ai'c  be  greater.f  The  other 
trigonometrical  lines  may  be  easily  calculated  fi-om  the  sines  and  cosines, 
as  will  be  seen  in  the  examples. 

The  trigonometrical  lines  of  this  table  ai'e  computed,  by  a  rale  which 
will  be  hereafter  demonstrated,  for  a  drcle  whose  radius  is  1.  So  for  aa 
the  principles  for  the  solution  of  tiiangles  are  concerned,  the  length  of  the 
radius  is  entirely  immaterial,  as  it  will  be  recollected  tiiat  Hfi  arc  in  the 
last  di^am  was  described  with  any  radius  at  pleasure. 

When,  in  cases  of  the  solution  of  right  angled  triangles,  the  hypo- 
fhenuse  and  one  of  the  acute  angles  are  either  given  or  required  by  the 
problem,  one  of  the  above  formulas  is  always  employed. 

"  ThB  tables  ate  seleeled  and  printed  from  the  atereotjpe  platea  of  u  very  large 
coJleetion. 

t  A  decimal  point  must  be  undei-stood  at  the  left  of  all  (he  nnmbere  in  the  colnnina 
of  the  table  entitled  m.  sine  and  n.  cos. 
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.  Let  U3  take  a 


as  upon  a  tor 

practical  utility  of  Trigonomeby. 

A  roof  is  to  have  a  height  of  15 
feet  in  the  intevior  at  the  centre,  and 
an  inclination  of  36°. 

Eequired  the  length  of  the  inner 
1  ne  ot  il  e  raftflis 

A  ht  <»  gled  tra  f,!e  w  11  be 
lomi  d  m  wl  ch  the  angle  it  the 
h  w  11  be  35°  in  1  th*"  le  oppo- 
ti  1 5  fe  t  in  1  f  vh  d  the  hypoth* 
h    list     t  le      jl    lU  t! 


exaraplc  by  which  to  illustrato  their  applieafion,  and 
one  which  shall  at  the  same  time  exhibit  the 


\I  dt  J  ying  th    ext  e  ne   i   1  dividing  by  the  first  mean  flie  value  of 
the  other  mei      h  ch      a  the  hypothenuse  required,  will  be  obtained 


Or  formula  (2)  by  a  simple  transformation  g 


e  thing. 


Looking  out  the  sine  of  35°  in  the  tables  and  performing  the  opera- 
tions indicated  in  the  last  equation,  the  value  of  a  will  be  known,  which 
will  be  the  lengtii  of  the  rafters  requhed.     The  answer  will  be  in  feet. 

Sin  35°  is  found  from  the  tables  to  be  •5'i358. 

S73RS 

If  (to  vary  the  problem)  half  h  u  o  b  d  f  h  roof  had  been 
g^ven,  say  20  feet,  and  the  angle  of  u  I  nation    n  te  35°  as  in  the 

last  example,  had  been  15°,  tiien  tf  fin     h      n    h    f  he  aftera,  it  would 


•  Since  in  ito  domonatration  of  Ih        am 
TOre  snpposed  to  have  no  particular  v 
eltara  compatible  witli  the  properUes 
iiiiployed,  aod  the  formulas  will  still  be  true, 
lut  the  work. 


d      g   3  of  ihe  triangle 

b  e  place  of  those 

it  be  borns  in  tnind  through- 
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be  necessary  to  find  first  the  angle  opposite  llie  given  side  HO  feet ;  whicli 
is  done  by  subti-aeting  the  given  angle  15°  &ora  90°,  dnce  tlietwo  aeut* 
angles  of  a  right  angled  triangle  sire  complements  of  eadi  other.     The 


remwnder  ia 


or  the  eijnation 
■whence, 


e  formula  as  before,  tJici'O  resuKs  t!ie  proportion 
l:sin  75°  ::a:20 


The  same  result  might  be  obtained  by  using  the  given  angle  15°,  and 
employing  formula  (3)  above,  whicli  contains  the  cosine  of  one  of  the 
acute  angles.     The  propoilioa  would  stand  thus 

or  ils  equivalent  (4) 


the  same  as  before.     In  fact  cos  15°  =  sin  75°.     {See  Art.  23.) 

40.  Had  tlie  height  and  half  the  breadth  of  the  interior  of  the  roof 
been  given,  tie  length  of  tlie  raflei's  might  have  been  obtained,  by 
employing  the  property  of  tlie  right  angled  triangle  demonstrated  at 
Theorem  26,  of  Plane  Geometry,  that  the  square  on  the  Lypothenuse  is 
equivalent  to  the  sum  of  the  squares  upon  the  other  two  aides.  Let  the 
height  of  the  roof  bo  12  feet,  and  the  semi-breadtli  16  feet,  then 

a'  =  12'-f-I6'  =  400 
irhence, 

a=  20 

If  the  length  of  the  rafters  had  been  given  equal  to  20  feet,  and  the 
haght  of  the  JMof  equal  to  12  feet,  then  the  serai-breadth  would  have 
been  expressed  thus 


s  (20+12)  (20  —  12)*  =  32X8=  256 


•  See  Algebra,  p,  16,  ci.  2,  and  n. 
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3i 


41.  Had  the  aemi-breadth  oi  bi  e  f  th  f  la  ^lo  aud  tlu,  intl  nilion 
of  the  roof  been  given,  and  th  hujght  ot  the  loof  oi  peipenl  culir  of 
the  triangle  been  required,  the  hypothennse  not  enteiing  inlw  the  piob- 
lem,  neither  of  the  above  formnlTs,  ill  of  which  wjntain  the  hjpothcnusi 
would  serve  to  find  the  side  requiied  in  i  hrect  rawner  It  might,  ho^ 
ever,  be  found  indireotlj  by  firat  finding  the  hi  j  jthpnuae  iisin^  one  of  the 
above  proportions,  and  then  >j  means  of  the  hyj)  thpnuse  u^  i  g  tbe 
same  proportion,  the  required  side  might  be  obtained 

It  ia,  however,  objecljoiiable  to  find  one  of  the  require!  piits  in  terms 
of  the  part  which  has  itself  been  calculated  iiom  the  given  p'wta  !  ecause  m 
the  use  of  the  tables  which  give  tlie  trigonornetrical  lines  of  the  different 
angles  not  with  perfect  accuracy,  but  truly  for  aa  many  deoiiaal  places  as 
the  table  employs,  a  small  error  arises  fi'om  the  decimals  neglected  beyond 
the  last  place,  and  thu.,  though  so  small  aa  to  be  unimportant,  becomes 
magnified  by  repetition,  as  in  tlie  caw  whtu,  onu  part  of  a  tiiangle  itself 
not  perfectly  accui ate,  IS  employed  to  cilculate  anothei  It  is  theiefore 
desirable  to  find  each  of  the  requirtd  parts,  in  ttima  of  the  given  parts , 
and  this  raaj  alwaja  hf  done  m  n^ht  anijkd  triangles  We  proceed, 
therefore  to  dtmonsfrafe  a  foimuli  for  the  direct  lol  itu.n  rf  the  l^t  cifi. 
supposed  iho\  e 

Let  ABC  be  a  ri^ht  angled 
triangle  "With  anj  ridius  it 
pleasure  d'^sciibe  m  arc  ml 
which  hhill  be  the  measure  of 
the  angle  c  At  the  point  l 
draw  a  peij  enditular  lt  to  the 
hne  CL  teimmitmt,  at  the  lini, 
OT  I.T  is  e\  dentlj  the  tan 
gent  ot   the    aic  ml,   sini^    it       ^  '''' 

13  a  peijeidiculai  to  the  radius  it  one  extremity  of  the  arc,  and  is  termi- 
nated by  the  radius  which  passes  through  the  other  extremity,  according 
to  definition  of  Art.  19.     It  is  also  the  tangent  of  tlie  angle  c. 

The  equiangular  and  similar  triangles  clt  aad  oab  give  the  proportion 


=  I  this  proportion  givi 
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Let  the  angle  of  the  roof  in  t]ie  abovo  problem  be  20°  and  the  senti- 
breadtU  25  feet,  then 

I :  tail  20°  :  :  25  :  c 
whence, 

_tan  20°X25 
c  _- 

Had  the  angle  c  bean  used  instead  of  c,  the  rosultiiig  proportion  would 
have  been 

E  :  tan  E  :  :  c  :  i  (4) 

Both  proportions  may  be  expressed  t(^eth.er  in  common  language  thus  : 
Radius  ;  (Ae  timgent  of  one  of  the  acute  angles  of  a  right  angled  tri- 
angle :  :  ike  side  adjacent  that  angle  :  the  side  cpposile. 

This  last  rule  applied  to  the  problem  at  Art.  II,  gives 

I  :  tan  30°  :  :  200  :  c 
whence,* 

c=tan30°X200  = -57730X200=  115*47000 

e  is  the  height  of  the  tower. 

The  Same  rule  will  evidently  serve  io  determine  either  of  the  acute 
angles  of  a  triangle  when  the  two  perpendicular  sides  are  given. 

If  the  side  c  were  given  and  the  angle  b,  the  side  b  might  be  found  in 
the  same  manner,  using  the  proportion  (4)  which  contains  the  angle  b. 

42.  We  have  now  exhibited  all  tlie  cases  which  can  possibly  occur  in 
tho  solution  of  right  angled  triangles,  with  some  specimens  of  their  appli- 
cation. The  right  angle  of  the  ti'iangle  is  fixed ;  and  any  two  of  the  five 
remaning  parts  being  given,  the  other  three  may  be  found.  Let  the 
student  select  at  pleasure  any  two  of  the^five  pai'ta,  the  two  selected  to  be 
considered  as  ^ven,  and  he  wiU  find  the  case  for  solution  with  which  he 
ivill  then  be  presented,  solvable  by  some  one  of  the  formulas  alwve. 

The  operations  in  the  cases  already  exhibited,  tliough  of  the  most  aim- 
pie  kind,  nevertheless  involve  multiphcations  and  divisions,  which,  from 
the  number  of  places  of  figures,  are  somewhat  tedious.  In  more  compli- 
cated cases  this  evil  would  be  much  increased. 

»  The  tangent  is  found  from  Table  XXIV.  by  dividing  the  sine  by  the  coame.  (Art. 
32.)  Should  the  cotangent  bo  required,  divide  the  eoaino  by  thesine.  (Art.  34.)  To 
find  tlia  secant  divide  1  by  the  cosine.  C^rt.  33.)  For  the  coaeoant  divide  one  by 
llie  sine,    (Art,  35.) 
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THEORY    OF    LOGARrrilSIS.  33 

Ou  tnw  account  it  is  customary  to  employ  in  trigonometrical  calcula- 
tions, that  ingenious  invention  of  Lord  Napiec'a  for  facilitating  numerical 
calculations,  the  table  of  logarithms  |*  before  explaining  tke  use  of  whicli 
we  shall  give  some  exposition  of  the 

I'HEOliY    Oi'     LOQASITHMS. 

43.  The  logarithm  of  any  given  number  is  the  exponent  of  the  powet 
to  which  it  is  neceasary  to  raise  some  particular  number  in  order  to  pro- 
duce the  given  number.  Thus,  let  10  bo  the  number  raised  to  the  power ; 
then  2  is  the  logarithm  of  100,  because  10°  =  100  and  3  is  the  logarithm 
of  1000,  because  10'  ^  1000,  Every  given  number  will  have  a  corres- 
ponding logarithm  or  exponent  of  the  power  Ij>  which  it  is  noceasary  to 
raise  10  in  order  to  produce  the  given  number. 

The  number  10,  whicli  is  the  only  number  that  does  not  change  in  tha 
above  equiJities,  is  called  a  constant. 

Sh  li  th  constant  number  which  has  been  employed  be  changed  for 
n  th  the  It^rithms  of  numbera  would  be  different  from  those  derived 
by  th  u  f  the  first  constant.  Logarithms  derived  from  diferent  eon- 
t,nt  d  to  belong  to  different  systems  of  logarithms,  and  the 

tt  t  umber  belonging  to  each  system  is  called  the  base  of  that 
J  ton  Th  ystem  most  in  use  has  the  number  10  for  a  base,  and  is 
call  1  tl  mmon  system.  The  relation  which  thU  number  sustains  to 
tl  d  nal  ysfem  of  notation  will  readily  suggest  some  reasons  for  its 
selection  ;  it  will  be  found,  as  we  proceed,  to  have  many  advantages. 

44.  If  6  be  the  base  of  a  system,  n  a  number,  and  I  ite  logarithm,  then 
by  the  definition 

If  we  put  &  in  the  ]iiacc  of  »,  this  equation  becomes 


Here  I  is  evidently  equal  to  1.  Hence  the  hffantkm,  of  the  bane  of 
eiwry  system  is  1 . 

*  Table  XXVI.  at  tlie  end.  Tlie  lables  mnst  in  repute  ars  tlic  Freiicli  tables  of 
Callet. 

N.  B.  Tha  tables  in  thia  volume  having  been  printed  from  the  accurate  alereolype 
plalea  of  Bowdilch'a  tables^  by  penniaa^an  of  tbe  proprietor,  are  nutnberad  as  in 
Bowditeh'9  edition,  and  as  but  a  pail  of  his  tables  aro  neeeasary  to  tbe  [iteseot  work, 
iho  Noa.  of  the  table  (nuat  not  be  oxpocied  to  occur  in  regular  order. 
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14  PLANE   TKlGONOMETRlf. 

If  in  the  equation 


Ilere  /  is  evidently  equal  to  zero.  (Algebra,  Art,  17.)  Hence  m  ever^ 
iyatem,  log.  of  1  =0. 

45.  Suppose  now  the  system  be  the  common  system ;  b  will  be  equal 
to  10.  If  we  substitute  for  n  all  possible  numbers  successively,  we  shall 
iiave  a  seiies  of  equations  like  the  following, 


In  the  first  I  is  the  common  logarithm  of  I,  in  the  second  of  2,  in  the 
third  of  3,  &c.  If  I  be  made  the  unknown  quantity,  and  these  equations 
be  successively  resolved,  we  shall  have  the  common  logarithms  of  all  num- 
bers.* If  now  a  table  be  formed  having  the  series  of  natural  number?, 
1,  2,  3,  4,  &c.,  in  one  column,  and  their  logarithms  calculated  as  above 
placed  in  a  second  column  against  them,  this  would  be  a  table  of 
logarithms.  ITie  tables  in  actual  use  do  not  differ  from  such  an  one  in 
principle,  though  some  arrangements  are  adopted  in  them  to  avoid  unne- 
cessary repotilions.t 

In  the  common  system  the  logarithm  of  10  is  1,  the  logarithm  of  100 
is  2  ;■  and  the  logarithms  of  all  numbers  between  10  and  100  are  between 
1  and  2,  that  Ls,  they  are  1  and  a  fraclion.  The  logarithm  of  1000  is  3, 
and  the  logarithms  of  all  numbers  between  100  and  1000  are  between 
3  and  3,  that  is,  they  are  2  and  a  fraction.  In  the  same  manner  it  may 
be  shown  that  the  logarithms  of  all  numbers  between  1000  and  10,000 
are  3  and  a  fraction  of  all  numbers  betweei  lOOOJa  d  100  000,  4  and 
a  fraction,  and  so  on  The  l<^anti  ms  f  njst  n  nbers  therefore,  are 
mixed  numbers,  ,  The  ra  t  unal  { a  t  s  ntten  n  tl  e  tablas  the  whole 
number  part,  which  i  ailed  the  ha  a  ien  h  s  n  t  wi  tttn  nor  is  it 
necessaiT  that  it  should  b  fo  u  nbeis  bet  en  10  and  100  or  those 
composed  of  two  figi  es    ha  e  1  fo    a  character  t      as  hi   lust  been 

*  The  method  of  resolving  Ihem  is  g  Ten  n  Art  335   A 

t  For  a  more  ful!  ejposilion  of  the  theory  of  loganlhniF,  see  Algebra,  Art.  210, 
pnge  S58,  et  Eeq. 
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THEORY    OF    LOGARITHMS.  3S 

Been',  numbers  Iwtween  100  aiiil  1000,  or  thoso  ooiiteining  three 
figures,  liave  2  for  a  characteiistic ;  mimbers  containing  four  figures  have 
3  for  a  characteristic,  and  so  on.  Whence  it  appears  that  the  diaracterif 
tic  is  always  I  less  (Jian  the  number  of  digits  in  tic  number  to  which  tije 
logaritiira  belongs.  So  tliat  if  against  any  ^ven  number,  the  Jecimii! 
part  of  its  logaritJim  be  found  ia  the  tables,  the  entire  part  or  cliaracteris- 
tic  may  be  supplied  by  counting  the  figures  in  the  ^ven  rnimler,  and 
making  the  characteristic,  one  less,  i 

In  proceeding  to  expl^n  the  tables,  we  will  premise  that  the  logarithiriB 
of  several  consecutive  numbers,  if  the  numbers  be  somewhat  large,  will 
differ  so  iittie  as  to  have  several  of  tii«r  first  figures  the  same.  Henue, 
by  a  proper  anungement  of  the  tables,  the  first  figures  of  the  logariOim 
may  be  written  but  once  for  several  numbers,  provided  all  be  designated 
to  which  they  refer,  and  thus  much  repetition  be  avoided. 

Th^  manner  in  which  this  is  accomplished  will  be  shown  ia  the 


46.  To  find  /iv»i  Ute  tables  t}i£  loffariikm  of  any  given  number. 

Casb  I. —  When  the  number  is  heitneen  100  and  10,000,  if  it  bo  coiii- 
poaed  of  tk-ee  figures,  find  it  in  Table  XXVI.  at  the  end  of  the  volume, 
aud  in  the  column  at  the  left  entitled  No. ;  in  the  next  column  marked  0 
at  top  and  pn  the  same  liorizonta!  line  you  will  find  the  dedmal  paii  of 
the  logarithm  required.  This  cont^ns  five  places.*  If  the  given  number 
contain  fourf  figures,  find  the  first  three  of  it  in  the  column  No.  as  before, 
and  the  fourth  in  one  of  the  columns  marked  0,  1,  2,  3,  Ac,  at  top ; 
under  the  latfer,  and  on  the  same  horizontal  line  witli  the  first  tliree,  j'ou 
will  find  the  decimal  partj  of  the  logariflim  sought. 

N.  B.  The  characteiistic  is  always  one  less  tlian  the  iimnber  of  fignron 
in  the  given  number. 

*  In  the  lables  of  Callet  seven  plaees,  Iho  first  three  of  whiuJi  being  She  bsriq  Uii 
several  numbcte  are  not  repeated,  but  niiisl  be  understood  before  lha!«  which  foDow 
the  numhor  thsit  has  them  eipreEsed  until  you  come  again  to  seven  places, 

t  In  the  Iflhlua  of  Cnllct  substitute  tlio  word  five  for  four  in  the  above  rule,  and 
Iho  word  four  for  three. 

t  In  the  tables  of  Callel  you  find  only  the  laet  four  places,  the  first  three  W  be 
prefixed  to  them  must  be  talten  from  the  nunibete  projecting  to  the  left  in  the  column 
marlied  0  at  top. 
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1.  Requiced  the  logaritLm  of  217. 

In  file  column  entitled  No.  on  pago  l7l  of  Table  XXVI.  I  fcid  217  ;  in 
the  next  column  marked  0  at  top,  and  on  the  same  horizontal  line,  I  find 
33646  for  the  decimal  part  of  the  logaritlim  required.  The  eharacteiiatio 
ici  2,  since  217  contains  three  figures,  and  the  whole  logarithm  2-33646. 

2.  Eequired  the  logarithm  of  1122 

On  page  170  and  in  the  column  No.  I  find  112  ;  in  the  column  having 
the  last  figure  2  of  the  given  nnnQ.ber  at  fop,  and  on  fie  same  horizontal 
line  with  the  112  before  fonnd,  I  find  04999  or  with  the  proper  charac- 
teristic 8'04999.* 

3.  Required  the  lognrithiu  of  3188. 
Am.  3'34005. 

47.  We  proceed  now  to  show  the  use  of  logarithms  in  numerical 
calculations. 

MtTLTIPLICATION. 

Let  b  be  the  base  of  the  system  of  l(^rithms,  n  any  number,  and  I 
its  l{^arithm.    Then  by  the  definition 


Multiply  Eg  these  t  vo  eq  at  ona    membe    b       omba  ,  and 
the  rule  for  e  po  enfs  n  multipl  cit  on  wh  h      to    dl  them  together. 


S'"' 


iiVom  this  last  expression,  it  appears  that  ?+/'  is  the  exponent  of  the 
power  to  which  it  is  necessary  to  raise  the  base  a,  in  order  to  produce  the 
number  nn'.  But  nn'  is  the  product  of  n  and  »'.  Hence  the  logarithm 
of  the  product  is  equal  to  the  sum  of  the  logarithms  of  the  multiplier  and 
multiplicand. 

'■  At  the  lops  of  the  pages  in  the  table  will  be  found  oalob  numbers  for  the  eye,  in 
tuniag  OTei  the  leaves,  lo  abow  what  Qonibers  and  logarilhrne  me  contained  on  the 
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Multiply  2421  by  1813. 

The  logatithm  of  2421  Is  3*3839!) 

The  logarithm  of  1SI3  is  S'2<iim 

The  logarithm  of  2421x1613  or  3905073  is*  8*59182,  or  the  sum  of 
the  logarithms. 

48.  Ifin  addition  to  the  numbers  w  and  «'above,wes«ppose  a  third  nnin- 
ber  n"  of  which  the  logarithm  is  I"  we  shall  have  in  a  similar  manner 


Or,  in  general,  the  logarithm,  of  a  product  of  several  J 
lAe  sttm  of  the  logarithms  of  those  factors  s^mratehj. 


DIVISION. 

49.  Dividing  the  equation. 


wc  have,  ohwji'vijig  the  rule  of  division,  to  subtract  tie  exponent  of 
the  diiiwi  ti-oni  that  of  the  dividend  in  order  to  obtain  that  of  the 
qnotieiit 


Since  I — I  is  the  exponent  of  the  power  to  which  it  i 
raise  h  the  base,  in  order  to  produce  —  it  follows  that  I  —  T  is  the  loga- 
rithm of  —y  i.  0.  the  logarithm,  of  the  quotient  is  equal  to  the  differenix 
between  the  logarithms  of  the  divisor  <md  dividend. 


Divide  3906073  by  2421 

The  logarithm  of  3906073  is  fl'59182 
"  "  2421   is  3*38399 

„  3905073     _  ^g^g  ^  ^3.2076^  dilf.  of  !ogs. 

»  As  the  numbar  3905073  is  too  large  to  be  found  in  the  tables,  the  method  of 
lisding  its  logarilhm  from  ths  tables  must  ha  postponed  till  the  esplsnalioa  of  siicb 
cases,  further  in  advance 
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59  I'LANB    TKIGOi'iOMETKl', 

Before  explsaniug  otber  operatioi's  bj  means  of  logatithms,  we  shall 
axhibit  some  principles  derived  from  those  just  demonstrated. 

SO.  The  base  of  the  common  sj'stem  being  10,  the  common  logarithm 
of  10  is  1.  (Art.  44.)  Hence  if  any  number  he  multiplied  or  divided 
by  any  number  of  "times  10,  the  logaiithm  of  the  result  will  be 
equal  to  the  logarithm  of  the  g^ven  number  increased  or  diminished  hy 
the  same  number  of  times  1.  This  1  being  an  entire  number,  the 
decimal  part  of  the  logarithm  of  the  ^ven  number  will  not  be  altered 
lij  this  addition  or  diminution,  but  only  the  characteristic 

Thus  30794,  which  is  the  decimal  part  of  tiie  logarithm  of  2500,  is  also 
of  2fiOOO,  and  of  250000,  or  of  250,  or  of  25. 

The  characteristics  belonging  to  these  different  numbera  are  different. 
That  of  the  li^.  of  2500  is  3  ;  that  of  the  log.  of  25000  is  4  ;  that  of 
tJie  I(^  of  25  is  1.     (SeeArt.  47.) 

Any  iromher  is  divided  by  a  multiple  of  10,  by  pointing  off  from  the 
right  as  many  places  for  decimals,  aa  the  divisor  is  times  10, 

Thus  2348  divided  by  10,  by  10  twice,  by  10  three  tiroes,  becomes 
snceessively  234*8,  23*48,  2*348.  The  decimal  part  of  the  logarithms 
of  these  last  three  numbers,  will  bo  the  same,  via.  3YO70,  tho  characteris- 
tic being  one  less  each  time  that  we  divide  by  10  or  remove  the  decimal 
point  one  place  to  tho  left.  Becaiiso  to  divide  by  10  it  is  necessary  {see 
tho  last  Art.)  to  subtract  1,  which  is  tho  log,  of  10,  from  the  log.  of 
tiie  dividend.  The  characteristic  of  the  first,  234*8,  which  is  between 
100  =  10"  and  1000  =  10°,  is  2,  The  characteristic  of  the  second  is  1  ; 
and  the  characteristic  of  the  last  is  0,  since  2*348  is  less  than  10,  or  10'. 

The  decimal  part  of  the  logarithm  of  a  number  consisting  of  signifi- 
cant figures,  either  followed  or  preceded  by  ciphers,  will  be  the  same  as  if 
the  cipheis  were  absent.  Thus  the  decimal  part  of  the  logarithm  of 
482000  or  of  •00482,  is  the  same  as  the  dedmal  part  of  the  logarithm  of  482. 

The  following  table  illustrates  the  theory  of  the  charaeteristie. 

The  characteristic  of  tiie  log.  of-  482000  is  5 
of  482  is  2 
of  4-82  is  0 

of  -482  is -1 

of  *0482is-2 

of  -00482  is^  3 

From  the  above,  it  appears  that  the  characteristic  of  the  l<^arithm  of  a 
dedmal  fraction  is  negative ;  the  decimal  part  of  the  same  logarithm  is, 
however,  positive.  The  actual  value  of  the  whole  li^arithm  will  be  there- 
fore a  negative  quantity  somewhat  loss  than  the  characteristic.     That  the 
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li^aritims  of  proper  fractiona  ought  to  be  negative,  appeal's  from  the  fact, 
that  since  a  fraction  expresses  the  quotient  of  tiie  numerator  divided  \ij 
the  denominator,  applying  die  rule  for  division  by  logarithms,  the  greater 
logarithm  would  have  to  be  subtracted  from  the  lesser,  and  the  remainder 
would  of  coiirae  be  negative. 
Fcom  the  above  principles  are  derived  the  following  rales : 

1.  To  find  the  logaritlim  of  a  aumbar  coiisisting  of  tignificant  figures 
with  any  number  of  ciphers  annexed,  Jiiid  the  logarithm  of  the  significa'at 
figures,  and  make  the  eharacteristk  one  less  than  the  number  of  figures 
in  the  given,  number  including  the  ciphers. 

2.  To  find  the  logarithm  of  a  dedmal  or  mix^d  number,  consider  ike 
number  as  entire  ;  find  tke  decimal  part  of  its  logarithm,  and  make  the 
characleriatie  one  less  than  the  number  cf  figures  in  tlie  entire  part 
of  the  given,  numbei: 

3.  To  find  the  logarithm  of  a  dednial  number  having  ciphers  at  the 
left;  lock  for  Ike  logarithm  of  the  sigvijifant  figures,  and  make  the 
characteristic  negative'''  and  one  more  than  the  number  of  ctplters  at  the 
left  of  the  given  decimal. 

EXAMPLES. 

'riie  logarithm  of  3260000  is  0*51402 

of  ll-l'l  is  2-05729 

of  '001684  is  3-22634 

51.  Case  II. — We  proceed  now  to  the  method  of  determining  the  loga- 
rithm of  a  number  beyond  the  limits  of  tie  table.  This  method  is  by  a 
simple  calculation  from  the  logarithms  of  numbers  which  the  table  contains, 
and  depends  upon  the  fact  that  the  difference  of  any  two  numbers  bears  the 
same  proportion  to  the  difference  of  their  logaritlnns,  that  the  difference 
of  two  other  numbere  does  to  the  difference  of  their  logariUims,  whicli 
is  nearly  true.     (See  Algebra,  p.  284,  not«.) 

Take  two  numbers  iu  the  table  differing  from  each  other  by  100,  as  the 
numbera  843700  aud  843800,  and  a  third  number  843743  differing  from 
the  first  of  these  by  43.     The  logarithm  of  the  first  number  843700, 
Iwing  the  same  as  that  of  8437,  is  given  by  the  tables,  and 
is  S. 92619 

The  logarithm  of  the  second  number  843800  is  S'92624 


Their  difference  is 


e  the  negative  Eign  over  tlie  cliaraoteristio.  thus,  2*  175  6348. 
nlone  and  aol  ttis  deoimal  pari  of  tlie  iogarillini,  whicli 
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4V  PLANE    IKIGOSOMETiiY, 

wiiich  may  be  found  by  subtracfion,  but  to  save  this  trouble  tho  subtrae- 
tjon  is  performed,  and  the  difference  is  written  in  the  mar^n  (in  the  tables 
of  Oallet  in  the  right  hand  column  marked  di£)  Then  on  the  prindpli.' 
that  the  difference  of  mimbeni  h  [jmiiorljonal  fo  tho  diffei'enee  of  their 
logarithms,  we  have 

am.  or  nnmben.  din:  of  loEa.  dllf,  ol'  nam.  dlff.  of  logL 

100         :      '00005  :  :  42  :  x 

hmas,  -00005  X  ■1:2 


adding  this  to  the  logarithm  of  843700  which  )»  5-92619 

■0000210 


the  sum,  rejecting  the  two  last  places  10  whicli 

go  beyond  the  usual  number  is  5-02621 

which  ia  the  logarithm  of  843742. 

Had  the  first  two  numbers  differefl  by  1000  instead  of  100  the  divisor 
in  the  value  of  x  would  have  been  1000,  and  tho  quotient  would  have 
extended  three  places  beyond  the  usuaL  Had  they  differed  hy  10,  the 
ijnotjent  wonld  have  extended  one  place  beyond. 

The  inaccuracy  of  this  method  increases  with  the  number  of  additional 
fibres  beyond  four,  in  the  number  the  logarithm  of  which  is  to  be  found* 

JiVom  the  above  process  may  be  observed  tha  following  rule  : 

To  find  the  loffanthm  of  a  mmr^cr  beyond  ike  limits  of  the  fable, 
&ter  the  table  with  the  first  four  figures  of  the  given  number,  and  find 
the  corresponding  logarithm.  Fi'om  the  right  hand  maigin  take  out  the 
difference  between  tiiis  logarithm  and  the  next  in  order  in  the  table,  and 
multiply  it  by  the  remaning  figures  of  the  proposed  number,  reject  from 
the  product  as  many  figures  to  the  right  as  there  are  ia  the  multiplier, 
and  add  tho  rest  of  the  product  fo  the  logarithm  aheady  found. 


1.  jtequired  the  logarithm  of  739245. 

The  decimal  part  of  the  log.  of  7392  is  86876. 

"  Tho  earns  ptoceaa  applies  to  most  olher  tables  as  well  as  tablos  of  logarithms. 
In  aU  tables  the  colnmn  correapoading  to  llie  column  of  numbers  hem  ia  called  iho 
column  of  argamente.  The  olher  columns  contain  functions  depending  on  these 
arguments. 
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'   L00AitITllM3, 


The  numbei'  in  tlie  mai^n  is 
Multiplying  tjiis  by  the  remaining  figures  of  tlie 
given  number 


Product, 


From  tbis  product  reject  as  many  figures  to  tlie  right  as  are 
conti^ned  in  the  multiplier,  that  is  two  in  this  case,  and  add  the 
leet  to  tije  logai'ithm  before  found,  namely,  86876 

The  Slim  is  86879* 
which  is  the  decimal  part  of  the  log  of  739245  required.  Prefixing  the 
proper  characteristic,  we  have  5*868'79. 


liequired  the  log.  of  8193217 

log.  of  8193  =  91344  217 

1  dif.  =     5 

log.  of  8193217  =  0.91345  1-085 

To  facilitate  tlie  above  calculations  several  smaller  tables  will  be  found 
in  the  right  hand  margin  of  the  page,  the  use  of  which  may  be  explained 
from  an  example.  Suppose  it  be  required  to  find  the  logarithm  of 
276738.  After  cutting  off  88  on  the  right,  I  find  the  logarithm  of  the 
first  four  figures,  2767,  to  bo  44201.  The  diifcreuee  between  this  loga- 
rithm and  tiie  next  is  16.  In  the  left  hand  column  of  the  little  tabl«s  in 
the  mai'gia  headed  16, 1  find  the  first  of  the  two  figures  cut  off,  3,  and 
agsunst  it  tiie  number  5,  which  I  place  under  tho  logarithm  already  found, 
as  seen  in  the  scheme  below.  Again  I  find  in  the  same  way  the  second 
of  the  two  fig-ares  cut  ofii  8,  and  against  it  13,  which  I  place  as  in  the 
scheme  below  one  place  to  the  right.  Adding  these  numbers  talten  from 
the  little  table  to  the  first  logarithm  found,  the  sum  44207  is  the  logaiithm 
sought. 

44201 


44207  or  with  the  cliaracteristio  5*44207 
The  right  hand  figure  3  of  the  13,  which  would  cany  the  decimal 

places  beyond  five,  ia  rejected.     If  it  were  any  figure  gi'eater  tJian  5,  we 

should  add  1  to  the  last  figure  of  the  result,  7. 

The  following  example  is  worked  witii  the  tables  of  Calkt  in  the  same 
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Find  the  logarithm  of  8103217. 

Jog.  of  81932  —0134536 


Tho  7  neglected  in  adding  up  the  above  iiumbei's  being  more  th: 
ir  i  of  the  preceding  place,  1  is  added  to  that  place. 
For  the  theory  of  tho  above  see  Algebra,  at  tho  end  of  Art.  214. 


2'o  find  the  nuniber  correspondinij  to  any  ffiven  loffaHihM. 
52.  By  referring  to  the  proportion  of  Art.  51,  and  putting  the  value  of 
a;  for  the  fourth  term,  nc  have 

diff.  nf  num.  diffi  of  lo?i.  diff.  of  num.  diff.  of  loga. 

100         :  00005         :  :  43         :  000021 

Instead  of  the  42  boing  given  and  the  000021  required  as  before,  the 
000021  is  now  given  and  the  42  cequired. 

The  first  term  of  the  proportion  is  100  or  1000,  &c.,  and  the  second 
teriQ  is  diff.  in  the  margin,  to  find  the  tJiird  terra  mulljply  the  extremes 
ajid  divide  by  the  second  term 

_000021  X  100 
~        00005 
Hciice  the  following 

RuLB, — To  find  the  number  correspondinff  to  any  giom  hgarithm. 

Seek  for  the  dedmal  part  of  the  given  logarithm.  If  we  find  a  \o^- 
rithm  exactly  agi'eeing  with  that  given,  then  the  number,  which  the  table 
Bbo(TS  us  to  belong  to  the  logarithm  found,  will  be  the  required  number. 
J^  however,  as  is  most  likely,  we  do  not  find  the  proposed  logarithm 
exactly,  then  we  are  to  take  out  the  number  corresponding  to  the  next 
less  logarithm;  this  number  mil  of  course  fiill  short  of  that  required,  but 
the  deficiency  may  be  supplied  as  follows.  Subtract  the  tabular  logarithm 
from  the  given  one,  annex  ciphers  to  the  reniMnder  at  pleasure,  and 
divide  it  by  the  diff.  number  in  the  niar^n,  and  annex  the  quotient  to  the 
number  already  taken  from  the  table. 

N.  B.  Should  there  be  a  quotient  figure  without  annexing  a  cipher  to 
the  dividend,  this  quotient  figure  must  be  added  to  the  last  figure  of  tho 
number  taken  from  the  table.  Should  it  be  necessary  to  annex  two 
ciphers  befoie  obtaining  a  quotient  figure,  a  ciphi,-r  must  bo  placed  in  the 


Hosieanv  Google 


OPERATIONS   OP    LOCARITIIMS.  43 

t,  and  annexed  with  the  figures  that  come  after,  to  the  number 
taken  from  the  table. 

The  logarithm  next  greater  than  that  given  may  ho  taken  fi'om  the 
tables,  and  the  latter  subtracted  from  the  former,  in  which  oaae  you  would 
subtract  the  quotient  obtained  by  dividing  the  difference  as  above,  instead 
of  adding  it. 


1.  Find  the  numlier  the  log.  of  which  is  5*86879 

The  decimal  part  of  the  next  less  log.  is  that  of  1392  =  •86816 

Their  difference  is  3 

Annex  ciphers  to  this  diff.  and  divide  by  the  diff  number  in  the  mar- 
^n,  which  is  6, 


Annex  the  quotient  50  to  the  number  13^2  before  found,  and  you  have 
the  number  required  corresponding  to  the  ^ven  logarithm,  nameljt 
739250.  This  number  contains  six  figures,  one  more  than  the  characterUfic 
of  tlie  gi\en  logarithm.  In  every  case  a  sufficient  number  of  ciphers 
must  be  annexed  to  obtain  quotJent  figures  enough,  when  appended,  hi 
make  the  whole  of  tlie  number  wliicti  tiius  results  contain  one  more  figure 
at  least  than  is  expressed  by  the  characteriatic  of  the  ^ven  logarithm.  If 
Bijie  quotient  figures  still  bo  obtained,  they  will  occupy  the  place  of 
decimaln 

2  Find  the  number  of  whicli  the  log.  is  2*S1345 
Next  leas  log.  tliat  of  8193  =  91344 
Kumber  required  is  819-32  5)10 


r>3.  To  find  the  number  conesii ending  to  nny  given  logirithm  by  tins  tables  of  Callel, 
seek  tlie  nearest  logiirithm  in  the  tables,  and  sabtraot  it  ftom  tlie  given  as  direelcd 
above,  then  seek  (he  nmsinder  in  the  right  band  column  of  ihe  little  table  nearesi, 
and  if  it  be  found,  or  a  number  not  difieiing  mora  than  unity  from  it,  the  figure  on 
the  left  of  Ihia  number  will  eiproaa  the  siith  figure  of  the  uumbar  required. 


2-5386717 
The  nearest  log.  is         -5386617  its  number  is345G7 
Subtract  and  100  is  the  remuindor. 

at  number  in  Ibe  right  hiind  column  of  the  little  table  adjoining 
St  which  on  the  left  ia  tlie  figure  8,  and  the  number  sought  is        345-673 
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If  ihe  diir.  (100  above)  is  iiol  found  esaotly  in  iJie  liltle  table,  taUe  the  nenttsl 
number  to  it,  sod  take  tlie  diitcreiice  bolween  these  aguin,  and  annex  to  it  a  cipher, 
seek  this  resuli  ugain  in  the  liglit  hand  column  of  xba  little  table,  the  figures  on  the 
left  of  the  two  numbers  taken  out  of  the  right  hand  column  of  the  little  table  will  be 
liie  Bixth  and  seventh  figures  of  the  number  required  A  third  remainder  migbt  be 
found  in  the  same  manner,  and  an  eighth  figure  of  (he  required  number  be  found. 


neateet  to  which  in  the  little  table  is  134  number  on  its  left  is  9. 

dilf.  with  cipher  annexed  40 

nearest  to  this  ui  the  little  table  is  41  number  on  its  left  is  3. 

The  last  two  figures  of  the  number  songht  are  93,  and  the  number  itself  is  3*  141593. 
e  method  is  applicable  to  our  tables,  though  not  with  the  Baroe  dogrofi 


of  aocurso;. 


Nearest  log.  90839  corresponding  number  8097 

Diflcrenoe  3  on  its  left  in  the  marginal  table  i» 


The  number  required  is  80975. 


Nearest  log.  06145  oorrespouding  No.  1159, 

Diff.  35 

The  nedreal  No.  lo  ivliieh  in  iho  liltle  table  is  34  which  subtract ;  on  its  loft  is  9. 

The  rem  is.  10     on  left  of  which  in  the  marginal 

tabic  is  3. 
Thennmber  required  is  therefore  1'15293. 

54-.  1.  Required  tho  product  of  26784  and  V*865. 

log.  of  26784*  is  4-42787 

log.  of  '7-865     is  0-89570 

Their  sum  is  5*32357 
5"323574  is  the  1<^.  of  210656,  which  last  number  is,  therefore,  the  pro- 
duct required. 

*  In  looking  for  the  log.  of  this  nuDU>er,  look  first  for  that  of  267Si  muttipl;  tha 
tab.  difr.  by  4,  the  lost  fignre  of  the  ^ven  number,  and  cut  off  one  figure  from  tho 
prodoet 
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2.  Required  the  product  of  3'586,  2*1016,  '8372,  and  •0294. 

log.  of  3-386  is  0'55i61 

of  2-1046  is  0'32317 

of  '8312  is  1'92383 

of  '0294  is  2*46335 

Product  -ISoYe  1*26806 

Instead  of   using  iiegativo  characteristics,   a  method    is    sometitiies 
employed  of  taking  the  differenco  between  the  negative  characteristic  and 
10,  which  is  really  adthng  10  to  the  negative  cliaraetemtic,  imd  writing 
this  difference  as  a,  positive  characteristic;  ttms,  in  the  above  example, 
3-586         log.     0-55461 
2-1040         log.     0-32317 
•B3V2  log.     9-92283 

•0294  log.     8-46835 

•185764         1(^.     8-26896 
twice  10  must  be  rejected  from  tlie  sum.     ITiat  is  a  10  for  each  posi- 
tive characteristic  employed jn  the  place  of  a  negalJve. 

The  result  thus  obtained  1-26896  is  written  9-26898,  10  being  added 
again  to  avoid  the  negative  characteristic 

3.  Divide  28-654  by  127-34. 

log.  of  28-654  is  1-45J18 

of  127-34  is  2*10496 

difference  i"-35222 
1-35222  js,  therefore,  the  log   of  tbo  quotient  which  from  the  tables, 
observing  the  cin\i_ise  rule  tor  pointmg  off  decimals  according  to  the 
charactPii'itic  (3  Art  oO),  is  -226020 
Divide  -00314  by  -007241. 

log.  of  -06314  is  2-80030 

of  -007241  is  3-85980 

Quotient  8*7197  0*94050 

55.  We  shall  now  demonstrate  rules  for  rmsing  numbers  to  powers, 
and  for  cxtocting  the  roots  of  numbers,  by  means  of  logarithms. 
Resume  the  equation, 

6'  =  » 
raising  both  members  to  the  m"'  power,  we  have,  observing  the  rule  of 
Algebra,  which  is  to  multiply  the  exponent  by  the  degree  of  the  power. 

Prom  this  last  equation,  it  appears  that  Im  is  the  power  to  which  it 
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is  necessary  to  mse  the  base   b  in  oi'der  to  pvoduca  n" ;   hence  the 
following 

Rule. — To  raise  a  number  to  any  power,  by  means  of  logarithms, 
multiply  the  logarithm  of  the  given  number  hy  (ho  en^onent  of  the  power, 
and  tlie  product  will  be  the  logarithm,  of  the  power. 


1.  Reqini'cd  the  4th  jxiwer  of  'OOiea 

log.  of  '09163    is    2'96204 

Multiply  by  4 

Product  5*84816 

5'84816  is  the  log  of  '000070494,  ivhicb   last  number  is  the  power 


2,  Required  tlie  teiitli  power  of  '64. 

log.  of-e*  1*80618 

10 

Power  *O:i5203  2'08180 

In  multiplying  the  first  decimal  place  by  10,  the  product  is  80,  then  10 
tjmes  1  is  10,  and  8  to  carry  is  2. 

The  same  example,  with  positive  characteristics,  according  to  the  method 
pointed  out  on  p.  4S  would  stand  thus 

9*80618 


The  10  added  to  the  1  is  repeated  10  times  and  therefore  100  must  V 
rejected  from  the  product,  which  leaves  2  for  the  ehaiictenstic  to  be  writ 
ten  8.  The  rule  for  placing  the  decimal  point  in  the  number  correspond 
ing  to  the  l(^;aidthiii  will  be  to  place  one  less  cij  her  after  the  detirarfl 
point  than  is  expressed  by  the  difference  between  the  chiractenstic  and  10 

B6.  To  find  a  rule  for  extracting  the  iiaot  of  a  nun  1  tr  H  meaTiK     I 
l<^arithms,  assume  again  the  equation 
h'  =  n 

Take  the  »i"  root  of  both  members,  applying  in  tlie  first  member  the 
rule  to  divide  the  exponent  by  the  number  expressing  the  degree  of  the 
root,  and  there  resulte 

—  is  hei'e  plainly  the  logarithm  of  >/  n ;  hencf!  the  following 
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Rule. — To  extract  the  root  of  a  niuiLljer  by  meana  of  logaritlinis, 
divide  the  logarithm  of  Ike  given  number,  by  ike  index  of  the  root,  and 
the  quotient  wUl  be  the  logarithm  of  the  root. 


3  the  4tli  root  of  ■434296. 
log.  of  '43-1296  T'637  <> 

i  of  this  logarithm  is  obtwned  by  obsers'ing  that  the      1  \     "h  1 
is  n^atjve,  must  he  divided  separately,  as  we  si  uld  d     d        i 
term,  followed  by  a  plus  term  ia  Algebra ,  the  1  oa    I  e  renaere  1 
able  by   borrowing  3,  and  afterwai'ds  carrymg  +  3  befo  e  the  6 
dering  it  36  ;  that  is,  the  proposed  logai'itlim  is  view  d  th 

4-(-3'63';79. 

The  quotient  is  1-90945*  which  is  the  logarithm  of   ■3118, 
fourth  root  required. 

2.  Required  the  lOth  root  of  2. 

log.  of  2  0-30103 

Divide  this  by  10  O'OSOIO  quotient, 

which  is  the  log.  of  1'07177,  the  root  required. 

3.  Eequired  tlie  cube  root  of  -00048. 
log.  of  -00048  4-68124 

J  of  it  2-39375  =  log.  of  -078297,  tiie  root. 


57.  This  is  Tablo  XSVII.  It  contains  the  logarithm  of  the  ane,  fan- 
gent,  cosine  and  cotangent,  secant  and  cosecant,  corresponding  to  every 
degree  and  nunute  in  the  quadrantf 

These  logarithms  are  those  of  the  trigonometrical  lines  in  a  cncle,  tlie 
radius  of  which  is  10000000000,  or  the  tenth  power  of  10,  the  common 
logarithm  of  which  is  10.  As  the  sine  is  never  greater  than  radius,  its 
logarithm  will  always  be  less  than  10,  except  for  the  are  90",  the  loga- 
rifhmiesine  of  which  is  eqnal  to  10. 

•  The  last  quotient  figure  is  nearer  5  than  4, 

t  Witliout  this  table  we  should  have  been  obliged  to  employ  the  other  two  tables 
which  have  been  already  described,  as  follows.  First  we  must  hate  found  the  natnral 
eine,  tangent,  &c.,  of  the  given  are  or  angle  m  Table  XXIV.  then  with  this  have 
entered  Table  XXVI.  and  found  its  logarithm.  The  Inbles  of  CalJet  do  Dot  contain 
the  coluinna  of  sec  an  Is 
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58.  To  find  from  the  table  tlie  lugaritlim  of  tlie  sine,  tangent,  or  cosine 
of  the  number  expressing  any  are. 

Ca3k  L  If  the  gis'en  numlwr  be  composed  of  degrees  and  minutes, 
seek  first  for  the  number  of  degrees  among  those  which  are  written  at  the 
top  or  bottom  of  the  pages  ;  at  the  top  and  on  the  left  of  the  page  if  it 
1)8  less  than  45°  ;  at  the  bottom  and  oa  the  right  of  the  page  if  it  he 
pijater.  Kun  the  eye  (lowu  the  fii'st  coiumii  which  goes  on  increa^ng 
from  top  to  bottom,  if  the  number  of  degrees  is  found  at  the  top  of  the 
page  ;  or  up  the  Jast  column,  wliich  goes  on  increasing  from  the  bottom 
upwaTffe,  if  the  number  of  degrees  is  found  at  the  bottom  ;  run  the  eye,  I 
say,  through  one  or  the  other  of  these  columns  in  the  direction  in  which 
it  increases  until  you  have  found  the  number  of  minutes  given ;  upon  tho 
same  horizontal  line  with  the  minutes  thus  found  you  will  find  the  loga- 
rithm of  the  sine,  cosine,  tangent,  or  cotangent  which  you  seek.  In  order 
not  to  mistalte  the  column,  it  is  necessary  to  consult  the  title  at  the  head 
of  the  column,  if  the  number  of  degrees  given  is  at  the  top  of  the  page, 
but  if  it  is  at  the  bottom,  the  inferior  title  must  be  consulted,* 


.  Required  the  logaiithmic  sine,  tangent,  secant,  cosine,  cotangent^  and 
it  of  19°  S5'. 

I  find  19°  at  the  top  of  page  204, 1  descend  the  first  column  at  tho 
left  marked  m,  which  goes  on  increasing  downwards  till  I  find  6S';  upon 
the  same  horizontal  Hne,  and  in  the  column  entitled  sine  at  top,  I  find 
0*53231,  in  the  column  entitled  cosine  9'0'7322,  in  the  column  of  fan- 
gents  9*55910,  and  in  that  of  cotangents  10*44090,  that  of  secants 
10*02678,  that  of  cosecants  10*46'?69  ;  and  Hiese  niimbeiB  are  therefore 
the  numbers  required. 

2.  Eequired  the  logarithmic  sine  and  tangent  of  70°  10'. 

r  find  70°  at  the  bottom  of  p.  204f ;  I  ascend  the  last  column  marked  M 
at  bottom  which  goes  on  increasing  upwards;  I  iind  10'  in  (hat  eolutmi ; 
upon  tho  same  horizontal  line  I  find  in  the  column  marked  sine  at  bottom 
9.97344,  and  in  the  column  marked  tangent  at  bottom  10*44288,  wliicU 
are  the  logarithms  sought 

»  The  eolunins  mBikcd  Hoiu  A.  M.  and  P.  M.  are  eoiineoted  with  Kaulionl  and 
Praelical  Astronomy,  and  will  oe  explained  under  the  proper  head. 

t  For  the  reHEOD  mentioned  in  uoto  p,  33,  Ihe  pa^ng  of  the  tables  will  be  found 
to  exhibit  gaps. 
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3.  Required  the  logaritlimio  sine  of  159°  20'. 

This  wiJI  be  the  same  with  th'kt  of  its  supplement  20°  40  For  eon 
venience  the  supplements  ot  -»  cs  in  the  1  t  quidniit  are  jlfel  on  the 
right  of  the  page  in  the  tables  at  top  and  on  the  loft  at  bottom  Bj 
looking  therefore  for  153°  it  t?p  on  the  nghf,  -Mil  immod  itelj  under 
for  30'  in  the  column  m,  on  the  range  with  thif  iii  the  column  enf  tiel 
sine  at  top  I  find  9*54789  the  aime  that  would  h-ne  hpen  found  for 
20O  40'. 

50.  Case  II.  K  the  ^von  number  be  compoaed  of  degrees  mmute"  and 
seconds,  find  the  logarithm  of  the  degCLus  and  minutes  as  above,  and  then 
to  know  how  much  this  should  be  increased  for  the  g^ven  number  of 
seconds,  in  case  of  the  sine  or  tangent,  or  diminished  in  case  of  the  cosine 
or  cotangent,  observe  that  the  number  in  the  column  marked  DiE  is  the 
increase  of  tlie  logarithm  for  the  number  of  seconds  in  the  column  headed 
U,  against  which  it  stands,  and  will  be  the  quantity  to  add  to  the  loga- 
rithmic sine  or  tangent  before  found,  or  to  subtract  from  the  logarithmic 
cosine  or  cotangent. 

The  number  in  the  column  Diff.  is  calculated  by  subtracting  one  of  two 
consecutive  logarithms  in  the  table,  which  differ  by  1 ',  from  the  other,*  and 
dividing  the  remainder  by  60,  the  number  of  seconds  in  a  minute  ;  the 
quotient  is  the  difference  of  ii^rithms  corresponding  to  a  difference  of 
1"  in  the  numbers  to  which  they  belong,  or  is  the  increase  of  the  loga- 
ridimfor  1"  increase  of  arc  This  quotient,  muldplied  by  any  number  of 
seconds,  will  give  the  increase  of  the  logarithm  for  tliat  number  of 
seconds.  This  calculation  depends  upon  the  principle  mentioned  at  Art. 
51,  that  the  differences  of  logarithms  are  proportional  to  the  differences 
of  their  corresponding  numbers.     See  also  Art.  23  App.  I. 

60.  The  logarithmic  sines  and  cosecants,  cosines  and  secants,  tangents 
and  cotangents,  have  each  pair  but  one  column  of  differences  between 
them,  the  rejBon  of  which  will  appear  from  the  following  demonstration. 

The  secant  and  cosecant  may  be  easily  computed  from  the  cosines  and 
sines.    Thus  (Art.  33) : 


log.  sec  =  20  —  log.  cos 

'jr  log.  of  the  quotient  =  difference  of  logs.  (Art.  49)  ;  and  log.  of  the 

•  This  diff.  is  given  in  the  first  five  pagea  of  ihe  table  so  that  the  seconds  must  be 
Kaloulaled  as  here  described  vchen  the  given  arc  ia  i''-'  or  less,  and  any  number  of 
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square  of  a  number  equal  to  twice  tli9  log.  of  the  number  (Art,  56),  and 
log  of  R  =^  10. 

To  obtain  the  Ic^.  secant,  therefore,  we  have  this 

KuLE. — Subtract  log.  cosine  from,  20. 
Also  (Art.  36), 


whence  tliis 

Rule. — To  obtain  log.  msec,  subtract  log.  sine  from  20. 
From  the  above  it  appears  that  as   the  \o^.  coa  decreases  with   the 
increase  of  arc  the  log,  sec  increases  by  the  same  amount,  and  as  the  log. 
sin  increases  the  log.  cosee  decreases  by  the  same  amount. 
Again,  by  Art.  37,  we  have 

tan  X  cot  =  n* 
applying  logarithms  to  this  equation,  since  the  1<^.  of  a  product  =  the 
sum  of  the  logs,  of  the  factors,  and  the  log.  of  a  power  =  log.  of  tiie 
number  raised  to  the  power  multiplied  by  the  indes  of  the  power,  we  have 

log.  tan  +  log.  cot  =  2  log  R  =  20 
!!og.  u  being  10,     Therefore  having  two  arcs  a  and  6,  since  log.  Ian  -f-  log' 
cot  in  both  is  20  we  have 
tog.  tan  a  +  log.  cot  a  ■=-  log.  tan  6  +  log.  cot  6,  or  transposing, 

log.  tan  a  -^  log.  tan  6  ;=  log.  cot  a  ^  log.  cot  6, 
that  is,  the  difference  of  the  logarithmic  tangents  of  two  arcs  is  eqaat  (c 
She  differetice  of  thdr  logarithmic  cotangents. 

I.  Required  the  logarithmic  sine  of  40°  26'  28". 
I  find  tJio  log.  sine  of  40°  26'  to  be  9*81195  ;  in  the  column  a,  at 
the  left,  I  find  the  ^ven  number  of  seconds  28,  and  on  the  same  horizon- 
tal line  in  the  column  of  diff.  I  find  7,  which  added  to  tlie  log.  before  found 
9*81105 
7 
gives       9*81202* 
The  logaiithmic  tangent  of  any  given  number  of  degreea,  mmutos,  .ind 
seconds,  is  found  in  a  similar  manner  from  the  column  entitled  tangent. 

•  A  fdmiUr  arrangement  for  finding  the  diilerence  corresponding  to  any  numlxr 
oi'  BBeonda  will  be  found  in  the  table  of  natnrnl  idnss  wid  odBines,  for  the  forniei  ob 
«ha  left  and  for  tlie  latter  on  the  right  of  the  page. 
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2.  Required  tlic  Sogarittmic  cosine  of  8°  40'  40", 

I  find  the  cosine  of  8°  40'  to  be  0'99601 ;  tlie  tabular  ditFereuce  in 
the  adjoining  column  j^inst  tlie  seconds  40"  is  1 ;  subtracting*  tlw 
result  from  9-99501,  the  remainder  is  9-09500,  the  logarithmic  cosine 
sought. 

The  difForcneo  for  the  seconds  may  be  calculated  as  follows. 

3.  liequired  the  log.  wne  of  32"  10'  23". 

32°  10'     log.  sin     9*72622 
32°  11'      "     "       9*T2643 


G0)483 
Diff.  for  23"  8 

32°  10'  log.  sill  9*72622 

32°  10'  23"  log.  sin  9*72630 

81.  In  the  tables  of  Callet  are  foimd  the  logarithmic  sines,  fangenls, 
cosines,  and  cotangents  for  every  10"  in  the  quadrant ;  and  the  coluonns 
of  differences  contain  the  diffi;rences  of  the  consecutive  logarithms,  or  tlie 
mcrease  of  the  logarithm  for  10"  at  that  part  of  the  quadrant.  To  take 
out  therefore  a  logarithmic  sine,  &e.,  from  these  tables,  take  out  for  the 
degi'e<s,  minutes,  and  tons  of  seconds  and  take  out  also  the  number  from 
the  column  of  diff. ;  cut  ofl  one  figure  on  tbe  r  ^ht  of  the  litter  whidi  is 
equivalent  to  dividing  by  10,  and  nmltij.Ij  it  by  the  number  of  seconds 
fay  which  the  given  arc  difftrs  from  an  eiact  number  of  tens  of  seconds. 
Tie  product  will  bo  the  number  by  which  to  increase  or  dimmisli  the 
logai'ithoi  already  taken  out,  ircoiding  is  tlie  tngjnomettical  hm  to  wb  ib 
it  corresponds  is  an  increasing,  or  dpcre^smg  tuncti  n  jf  the  ari, 

BSAHPI.K3    OF    TUB    APPIICAIIO-J    OF    THh    lA-CLTiH    O''    CALLET 

1.  To  find  the  log.  tan  of  40°  12  3j'  -8 

Of  40°  12'  20"  log.  tan  is  10*0t>3g854t 
Tab.  diff.  425X5*8  246*5 

10'0640100  log,  required. 
•  It  wi]]  be  recolleclEii  thsl  ae  tlie  arc  increases  in  the  fiiet  quadrant  the  coMiie 

t  Th«  cbaracloriElLC  in  the  column  of  tangents  and  liolanfrenta  whan  10,  ia  primed 
0,  and  when  11,  is  prinled  1.,  in  Ihe  lableB  of  CstloL 
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2.  To  find  tlie  log.  cot  of  1010  25'  43"  =  log.  cot  of  78°  34'  17" 
Of  78*^  34'  10"  log.  cot  is         9-3057605 
DifF.  for  10"  01-  1084x7  758*8 

9*3056840   log.  required 

in  the  tables  of  Callet  are  to  be  found  the  logarithms  of  trigonometri- 
cal lines  of  arcs  ^ven  in  grades,  &c,  of  the  centesimal  division  of  the 
circle.     The  following  is  an  example  of  the  use  of  tiie  table. 
To  find  the  log.  sine  of  92»  75'  84" 

of  92"  75'  the  log.  sin  is     9*9971776 

tab.  diff.  78X84=  65*52 


9*9971842 


The  first  4  figures  of  the  log.  9*997  are  taken  from  the  top  or  bottom 
of  the  column,  the  former  when  the  logarithm  is  above  a  black  horizontal 
line  drawn  across  the  column,  the  latter  when  below. 

As  the  diff.  78  is  the  diff.  of  two  consecutive  It^arithms  corresponding  to 
fOO"  two  figures  must  be  pointed  off  to  the  right  after  multiplying  bj 
Ike  84;' 


62.  To  find  the  degrees,  mmules,  and  seconds  answering  to  any  given 
logarithmie  sine,  cosine,  tangent,  or  cotangent, 

I'he  method  is,  of  course,  exactly  the  reverse  of  that  just  given.  Look 
for  tie  g^ven  logarithm  in  the  proper  column,  which  you  will  know  from 
its  title,  either  at  the  top  or  bottom,  and  if  you  find  it  exactly,  thi; 
degrees  will  be  found  at  the  top  of  the  page,  and  the  minutes  on  the 
same  horizontal  line  with  your  logarithm,  in  the  first  column  at  the  left, 
if  tlie  title  of  the  column  be  at  top,  bitt  the  degrees  will  bo  found  at  the 
bottom  of  the  page,  and  the  minutes  in  the  column  at  the  right,  if  the 
title  of  the  column  which  cont^ns  your  logarithm  be  at  the  bottom. 

If  the  given  logarithm  cannot  be  found,  tahe  the  next  less  logarithm 
contained  in  the  tables,  subtract  it  from  the  given,  and  seek  the  reminder 
in  the  column  marked  diff. ;  the  number  on  the  same  horizontal  line  in 
the  column  m  is  seconds,  which  add  to  the  degrees  and  minutes  belonging 
to  the  logarithm  found  in  the  tables,  if  your  given  logarithm  be  that  of  a 
alne  or  tangent,  but  which  subtract  from  the  degi'ees  and  minutes,  if  a 
ooaine  or  cotangent. 

Or  more  accurately,  to  find  the  seconds  multiply  the  remmder  abova 
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mentioned,  bj  60,  and  divide  the  product  by  the  difference  between  two 
consecutive  logarithms  in  the  table.* 


1.  Required  the  number  of  degrees,  minuks,  and  seconds,  of  which  the 
logarithmic  sine  is  S'88005. 

I  find  the  next  iess  logarithm  in  the  column  marked  sine  at  bottom,  to 
be  9-87996,  which  subtracted  from  the  given  logarithm,  leaves  9 ;  this 
found  in  the  column  diff.  adjoining,  agfunst  it  in  the  column  m  is  60, 
which  is  seconds.  Taking  the  degrees  from  the  bottom  of  the  page,  and 
the  minutes  from  the  column  at  the  right,  and  in  the  same  horizontal  line 
wifli  the  logarithm  9*87996,  I  have  49°  20'  50"  for  tho  number 
required. 

Or  more  aceurately,  since  the  diff,  9  con'csponds  to  any  number  of 
seconds  from  48"  to  52"  calculate  as  follows : 

Given  log.         9*88005  9-87996 

Nearest  log.      9*87996       consee  log.  9*88007 

Diff.  9  Diff.  11 


11)540 
49 
2,  Required  the  number  of  degrees,  minutes,  and  seconds,  of  which  the 
1<^.  cotangent  is  10*00869. 

I  find  the  next  less  logarithm  in  the  table  to  be  10*00859,  that  of  44o 
26',  which  subtracted  from  the  ^ven  logarithm,  leaves  10,  corresponding 
to  which  in  the  column  m  is  either  33"  or  24"  ;  more  accurately 


25)600(24" 


and  the  required  number  is  44°  26'— 24"  or  44°  25'  36". 

■  'niis  last  rule  is  on  the  priaciple  thai  itie  dillerence  of  the  logBCithmic  riinct^as 
19  propoflioiial  to  the  dillercnoe  of  their  arguments,  the  difference  of  the  orgumenU 
ill  this  case  being  60". 
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the  log.  sec  of  48°  35'  27". 


48°  3S'  log.  eec  10-17945 

Did:  for  27"  6 

48°  35'  2T'  log.  sec  10*l79ol 

The  tables  of  Callet  not  containing  the  logai'itlimic  secanfa  and  cose 
cants,  the  calculation  of  this  example  from  his  tables  would  be  as  follows, 
by:,the  rule  at  Art.  60. 

log.  cos  48°  35'  27"  =  9-82049 
log.  sec  48°  35'  27"  =  (30  — 9*82049)  =  10*l79Sl 
4.  Required  log.  cosec  35°  27'  24".  Ans.  by  Tab.  XXVII^  10'23651 
or  log.  sin  35°  27'  24"  =       9-76349 
log.  cosec  35°  27   24    =  20-1-76?49  =  10-23t,51 

A  method  of  finding  with  gieiter  auiui-icy  the  sine  and  tangent  of  a 
Tsry  small  arc,  or  the  cosine  and  cotangent  of  one  near  90°,  is  pointed 
out  at  Art  8  App,  I. 

To  find  the  trigonometrical  lines  of  arcs  greater  than  90°,  observe  tlio 
mh  at  Art.  1 7. 


83.  Referring  to  the  example  of  Art.  36,,  where  the  hypothenuse 

_I0'°X  15 
"  ~  ain  85° 

employing  10"  as  r,  instead  of  I,  because  the  tables  whicii  we  are  al 
to  uae  are  constructed  with  that  value  of  it,  we  have,  by  the  rules 
multiplication  and  division  of  logarithms 

log.  of  10"  =  10*00000 

add  log.       15    =    1-17609 

11*17600 

;ivibtract  1<^.  sin  35°   =    9-75859 

Remainder      1-41750  =  log.  of  20*15  ^  the  hyp. 
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IlefeiTing  to  Art.  41  ttkere  the  height  of  the  toiver  c  is 
c  =  tjm  300X200* 
whicli  becomes,  wLcn  the  radius  1  in  the  first  term  of  the  proportion  is 
changed  into  10" 

_taii  30°  X  200 
■^  ~  10'° 

we  have,  by  applying  logarithms 

log.  tan  30°  =  9*76144 
add  log.  200  =^  2'30103 
12'06247 
Subtract  log.  10'°  —  10 

2-06247  =log.  115'4 

64.  I.  Another  definition  besides  that  given  at  Art.  14  for  the  sine  oi 
an  angle,  is  the  ratio  of  the  hypothenme  to  tlie  side  opposite  the  angle  ii 
any  right  angled  triangle  of  which  the  angle  forms  one  of  the  elements. 

For  from  formulas  (1)  Art.  38  may  be  obtsuned. 


(1) 


n.  A  corresponding  definition  for  the  cosine  of  an  angle  is  Ihe  ratio 
of  the  hypotkenuse  to  the  side  adjacent  the  angk  in  any  right  angled 
fjiangie  of  which  it  forms  an  element.     For,form.  (3)  Art.  38 


*  It  is  evident  Ihat  radius  must  bo  undemtood  in  the  Eecond  member  of  this  expres' 
lion,  becanEO  a  lino  c  cannot  be  effual  to  the  rectangle  of  two  lines.  (Art.  31.) 

t  The  hypolhonnsB,  which  is  the  greater  side,  is  evidently  the  denominator  of  iha 
■;ilio,  as  the  sine  and  ooiiiBe  to  radiua  unity  are  always  fraolioaa. 
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in.  In  a  similar  manner  the  tangent  of  an  angle  ia  t}ie  ratio  of  the 
tide  adjacent  to  the  side  <^posite  the  angle  in  any  right  angled  triangle  of 
■which  file  angk  forms  an  element.     For  Art.  41,  (3)  and  (4) 

tan  B  =_  and  tan  c  =  --  (3) 

From  these  definitions  the  following  consequences  flow. 

IV.  The  ht/polhetiuae  multiplied  by  the  sine  of  one  of  the  acute  angles 
of  a  right  angled  triangle  will  give  the  side  (^posite  to  the  angU. 

For  from  (I)  above  clearing  of  fractions  we  have 

a  Ein  B  =  6  and  a  sill  c  =  e  (4) 

V.  The  hypolkenuse  rmtltiplied  Ity  the  cosine  of  the  angle  mil  give 
the  side  adjacent.     For  &om  (2)  above 

a  cos  B  =  c  and  n  cos  c  =/>^  (5) 

VI.  The  side  adjacent  multiplied  bg  the  tmigenl  will  give  the  side, 
apposite.     FKit  from  (3)  above 

c  fan  B  =  6  and  6  tan  c  ^  c  (6) 

VIL  'id  find  the  kypoihenuse  when  a  side  and  aTigle  are  given,  wo 
most  still  use  the  aine  and  cosine  of  the  angle,  but  as  a  divisor  ;  the  sine 
when  the  side  opposite  is  given  and  serves  for  a  dividend,  the  cosine  when 
the  side  adjacent.     For  from  formulas  (4)  and  (s)  above  may  be  obtained 


Vlir.  When  one  of  the  perpendicular  sides  is  given  with  an  angle  t.> 
find  tlie  other,  the  tangent  of  the  angle  is  the  multiplier  of  the  side 
adjacent  the  angle  to  find  the  side  opposite,  and  is  the  divisor  of  the  side 
opposite,  to  find  the  side  adjacent.  See  (6)  above  from  which  also  may 
be  obtained 

c ^_andi  =  --2_  (8) 

tan  B  tan  c 

•  When  the  hypothenusa  is  given  with  an  atiule  angle  it  will  be  neeessaty  always 
10  iiiulliply  the  hypothenusa  by  either  the  sine  or  cosina  ol'  the  acute  angle  to  obtain 
the  other  side  ;  by  the  sinr.  when  it  is  the  aide  oppoeiie  which  is  required,  and  by  the 
CBtine  when  it  is  the  side  a^jaceni.  The  menioiy  will  be  aided  by  olaerving  that  for 
radius  unity  the  suie  and  oofline  ate  always  fraelions,  and  therefore  Ihe  hypotbenuse, 
which  is  Iha  larger  side,  mual  evidently  be  mtilt^tied  by  these  ia  order  to  obtain  Ihe 
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IX.  Radius  unity  lias  no  effect  eitlier  as  a  imiltiplier  or  divisor,  never- 
theless wheu  using  tlie  tables  in  which  radius  is  10""  or  lOOOOOOOQOO,  it 
is  necessary  to  know  how  the  radius  enters  info  the  products  or  quotients 
formed  by  tlie  above  rules.  And  the  following  consideration  will  always 
show,  viz.  that  two  ec[ua!  quantities  must  be  homogeneous.  A  line  can- 
not be  equal  to  a  surfece  or  the  rectangle  of  two  lines.  Therefore  all  the 
product'!  formed  by  the  above  rules  must  be  understood  to  b«  divided  by 
radius.  Neither  can  a  line  be  equal  to  the  ratio  or  quotient  of  two  hnes, 
for  this  is  an  abstract  number.  Therefore  all  the  quotients  formed  by  the 
above  rules  must  be  understood  to  be  multiplied  by  radius. 

In  the  use  of  logarithms,  therefore,  for  the  solution  of  right  angled 
plane  triangles,  in  every  case  two  log^thms  only  will  have  to  be 
employed,  and  their  sura  or  difference  taken  according  as  the  rule  which 
applies  to  the  case  requires  multiplication  or  division. 

When  the  sum  of  tie  two  logarithms  is  taken,  10  must  be  rejected 
from  the  characterislic,  which  is  in  effect  dividing  by  radius,  and  when  the 
difference  is  taken,  10  must  be  added  to  the  characteristic  of  the  minuend, 
which  is  in  effect  multiplying  by  radius.  All  this  will  be  easily  compre- 
hended from  the  following  examples. 


In  the  right  angled  triangle  ABC  right 
angled  at  A, ^ven  the  hypothenuse  a  — 4e3*7> 
and  the  angle  c  =  66°  40'  to  find  the  side  e. 

By  Rule  IV.  above,  observing  that  addition 
of  li^arithms  corresponds  to   multiplication 
of  the  corresponding  numbers,  and  rejecting  C 
10  from  the  sum,  according  to  IX.,  the  cal- 
culation will  be  as  follows  : 

a  493''7  log.  2*09346 
c  65°  40'  Ic^.  sin  9'96960 
e     449*8     log.         2*65306 

The  snm  of  the  l<^arithms  2*69346  and  9*95960  whichisl2-65806 
aft«r  rejecting  10  from  index  wilt  be  the  logaiithm  of  449*8  as  may  be 
seen  by  inspecting  the  tables,  and  this  number  is  the  value  of  the  required 
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Tlie  same  tilings  being  given  to  find  the^side  6-     By  Rule  V.  above 

a    493*7     log.         2-69346 
c     65°  40'  log.  cos  9-G1494 


Both  the  above  operations  may  be  conveniently  connected  together  by 
preparing  first  a  blank  form  tliua ; 


b  log. 

iTi  which  the  arguments  or  elements  of  the  triangle  occupy  the  first 
column,  the  trigonometrical  functions  of  these  arguments  necessary  for 
tho  calculalJoE  of  the  aide  c  the  second,  and  those  necessary  for  the  cal- 
culaljon  of  the  side  6  the  third.  This  form  is  then  to  be  filled  up  as 
follows 

n     493*7  log.  2'69346  |  tog.        2*69346 

C     65°  40'  log.  sin  9*95960  log.  cos  9*61494 

e     44&*8  log.  2-65306  

b     203*4  I         log.        2*30840 

The  log.  of  493  when  found  in  the  tables  is  written,  in  two  columns, 
and  the  ](^.  sin  and  log.  coa  of  65°  40'  can  be  taken  out  at  one  opening 
of  the  tables. 


Let  6  =-73*94,  c=57°  20  to  t  I  a  l>  VII.,  aubtiacting  the  loga- 
rithms for  division,  adding  10  to  the  ndex  of  the  minuend  (see  IX.) 
before  subtracting,  the  calcula  on      11  I  follows  : 

6      73*94         log.  1*86888 

0      57°  20'      log.  cos  9*73210 

a      136*9         log.  2*1366J1 


115-3         Ic^. 
57°  20'    log.  f 
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Given  b  =  67'84,  o  =  41°  4'  38",  to  find  c  and  a.     By  VII.  VIII, 
uidlX. 

h       67*84  log.  1*8314858*     log.         1'8314858 

0      41°  4' 30"    log.  COS      9-8772740       log.  tan  9'940S365 
«      S9'993  1*9542I18 


Given  a  =  84*9,  b  =  53-4,  to  find  ii,  < 
For  the  nile  applicable  sco  I. 


a 

84-9 

log. 

1-92391 

h 

53*4 

1-72754 

B 

33°  58' 

28' 

log.  ., 

n    9-798C3 

+b 

138'3 

log. 

2-14082 

~,b 

31-5 

log. 

1'49831 

~h'\ 

log. 

3-63913 -. 

2 

60-0035 

log. 

1-81 9.5  7 

EXBRCCSl 

1.  <Mve 


a  =  49-63,  6--25*42,  tofiiide,  v.,  and  o. 

^Mg.  e  =  42-025,  o  =  59°  11'  25'',  D  =  30°  48' 35". 
a  =  723*],  c=.95'4,  to  find  S,  c,  and  B. 

Ans.b  =  ^\fi•^5,  b  =  82"  25'  2",  c  =  7°  34'  58" 
0  =  858,  B  =  490  31'  22",  to  find  the  remaining  parts. 

^ns.  6  —  648-8463,  c  553-725. 
8=940,  c  =  30°  20'  10",  to  find  (be  other  elements 

^ns.c  — 474-769,  6  811-32. 
6^25,  c=17,  to  resolve  the  ti'iangle. 

.dms.  C  34°  12'58"  a  30-226,    b  55°  47' 02". 


•  Tlie  logaiilhms  in  this  axomple  are  lakon  from  Ilia  tables  of  Callel,  and  eit 
10  seven  places  of  deuimals. 

t  The  product  of  o  +  6  and  u  —  6  which  is  oblained  by  adding  this  loearithm 
■qua!  !o  oS  —  i=.     (See  Alg.  Art.  13.) 
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).  Given  6  =  42173,  0=40"  20'. 

Ans.  a=55324,  c  3Q8'08,  ii  40°  40'. 
L      "       6=328,  8  =  74°  25'  18"*7. 

Ans.  a  340'o025,  c  91-436. 
i.       "        c  =  8*76213,C  =  89°. 

^Jis.  a8'763V6'I6294,  b  1«. 
).      "       <;  =  82'94,  B  =  40°50' 20"*6. 

Ans.  a  109*612,  6  71*684,  o  49°  9'  39"'4. 
I.      ■'       6  =  81*5,  c=92-19. 

Am.  B  41°  28'  42",  o  48°  31'  18",  a  123*38. 

I.  We  shall  finish  the  Kubjeet  of  .right  angled  triangles  by  presenting 
e  of  tlieii-  practical  application  which  is  likely  often  (o  occur. 


At  the  top  of  a  mountain  whose  height  was  known  by  the  barometer 
or  otherwise  to  be  1000  feet  above  the  levd  of  the  sea,  a  ship  was 
observed  through  the  tube  of  the  instrument  described  at  Art  10,  and 
the  number  of  degrees  between  the  tube  and  a  plumb  line  from  the  centre 
of  the  circle  was  found  to  be  77"  30';  required  the  distance  of  tiie 
nhip. 

A  right  angled  triangle  is  here  formed,  in  which  are  given  the  perpen- 
dicular and  angle  at  the  vertex,  and  the  base  is  required, 
lule  VI. 


ton  77°  30'x  1000  =  dist.  required. 

1000     log.  3*00000 

77°  30'     log.  tan  10*65424 

3-65424  =  log.  of  4510*71  feet. 
Therefore  the  distance  of  the  ship  is  4510*71  feet,  or  a  little  over  I  < 


An  upiiglit  poBt  being  90  feel  high,  and  its  horizontal  shadow  117  feet,  to  find  llio 
altitude  of  tlio  Eun.  Ans.  37°  34'  5". 

The  alt,  of  the  sun  being  48°  10'  and  the  length  of  a  horizontal  shadow  =  201, 
10  find  the  haght  of  the  lower  which  oakIh  il.  Ant.  224"54. 
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To  find  Ihe  horiiionlal  parnJIax  of  the  moon 
(an§lo  m),  iI3  distance  mc  being  940J)I)0  milea,  and 
die  rad.  of  the  eanh  bc  3956. 

Ane.  5G'  40". 

Thu  M.  of  a  place  d  being  given,  dca  =38°  14' 
and  the  radius  DC  oftheoartli  31)56  railEs,  to  find  iho 
r.idiua  of  the  parallel  be. 

A«s.  3107-4;), 

To  find  the  aide  of  a  regular  insotibed  figum  of 
13  sides,  when  the  radius  of  the  circle  ia  6-7. 

A.r>s.  3-aoe. 

i!ar  heptagon  being  5*73,  find  the  rad.  of  the  circnm- 
Ans.  6'6032. 

66.  It  is  customary  whoro  the  subtraction  of  Ic^ritbms,  corresponding 
to  the  division  of  numbei's,  ia  to  be  performed,  to  change  this  operation 
into  addition  by  means  of  wliat  is  called  tlie  arithmeUcal  complement  of 
oaeh  subtractive  l<^arithm.  The  arithmetacal  complement  of  a  logarithm 
is  the  reminder  after  taking  the  logaritbm  from  10  ;  thus  the  arithmeti- 
ca!  complement  of  the  logaritbm  2-32245,  is  1'61155. 
10-00000 
2-32245 


7-67755 


ft  may  be  formed  most  conveniently,  instead  of  beginning  at  the  riglit 
and  subtracting  each  figure  from  10  and  carrying  one  each  timo  through- 
out, by  beginning  at  the  left  and  snbtraeting  each  figure  ftom  9  till  you 
come  to  the  last  figure,  which  subtract  from  10. 

When  we  have  a  logarithm  to  subtract,  we  shall  obtain  the  same 
result  by  adding  its  arithmetical  complement,  and  afterwards  subtracting 
10.     Which  may  be  proved  as  follows  : 

By  the  definition  arith.  comp.  log.  6  =  10  —  log.  6. 

Now  add  this  arilli,  comp.  to  some  other  log.  as  log,  a,  the  result 

log.n-f-10  — 1(^.  5 
subtract  10  and  there  remains 

log.  a  —  log.  b 

The  same  result  as  would  have  been  obtained  by  subtracting  log.  1 
from  1<^.  a. 

Hence  to  perform  operations  containing  a  number  of  multiplicaliona 
Bud  divisions,  by  means  of  logarithms,  we  have  the  foUowio^ 
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RuLK. — ^Write  the  logarithms  of  all  tlie  multipliers,  and  tiie  arith-  ooui- 
plemenls  of  those  of  the  divisors  in  a  column.  Add  up  the  whole,  and 
reject  as  many  Ijnica  10  from  the  characteristic  of  the  sum  as  tJiere  Iiave 
been  afith.  complements  employed. 

"This  tise  of  the  arithmeticalcomplementisnol  expedient  in  the  sol  ulJ  on 
of  right  angled  ti'iangles,  hut  in  the  solution  of  obliiiue  angled  tnangles 
it  always  saves  one  line  of  numerical  worit." 


67.  Let  Anc  bo  any  triangle. 
From  tlie  vertex  of  one  of  the 
angles  A,  let  fall  upon  the  side 
opposite,  the  perpendicular  ad  ;  the 
given  triangle  will  be  divided  into 
two  right  angled  triangles  abb  and 

In  the  first  of  these  (Art.  C4,  IV.)  ■ 

AD  =  A   BXs 

Again,  in  the  right  angled  triangle  A  c 


The  first  membors  of  the  two  equations  above  Ijeing  the  s 
second  members  are  equal,  hence 


Turning  this  equation  into  a  proportion,  by  making  the  first  product 
the  extremes,  and  the  second  tbe  means,  we  have 


That  is,  ilte  sirtes  of  the  angles  of  any  plaM  triangle,  bear  Che  name, 
proportion  to  each  other  as  the  opposite  sides.* 

From  the  nature  of  the  above  demonstration  the  selection  of  the  vertex 
from  which  to  let  fell  the  perpendicular  being  entirely  unrestricted,  it  is 
plain  that  this  rule  apphcs  to  all  the  angles  and  sides  alike. 

•  The  same  demonstration  will  apply  when  the  perpeudioular  from  the  veilei  of 
one  of  iW  sugloa  fails  upon  the  j^iJe  opposite  produced. 
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When  tJierefore  two  of  the  three  ^ven  t'loments  of  a  U'iangle,  are  a 
ride  and  its  opposite  angle,  the  element  opposite  to  the  third  pven 
element  may  be  found  by  the  proportion  which  has  just  hoon  established. 

We  shall  according  to  our  custom  suppose  a  practical  problem  whkb 
introduces  Uie  case  of  solution  in  question. 

Let  it  be  re- 
quired to  ascer- 
tain accurately  tlie 
distance  from  llie 
town  in  tlie  figure, 

sable  raavst,  for 
the  purpose  of  es- 
timaljng  the  ok- 
penae  of  a  causeway. 

Plant  two  staves  with  small  flags,  the  one  at  the  border  of  the  marsh 
opposite  the  town  where  the  causeway  is  to  terminate,  and  tlic  other  at 
florae  convenient  point  from  which  the  iii'st  and  the  town  may  both  be 
seen.  Measure  the  distance  between  the  staves,  ftud  let  it  be  1000  yards  ; 
observe  also  the  angle  at  the  second  staff  by  turning  the  tin  tube  of  the 
instrument  for  taking  angles  first  to  the  staff  on  the  border  of  the  marsh 
and  then  to  the  town ;  let  this  angle  be  102"  ;  observe  also  the  angle  at 
the  town  subtended  by  the  line  of  the  two  staves,  and  let  this  last  be  30°. 
A  triangle  will  be  foi-med  in  which  are  inown  an  angle  30°,  flie  side 
opposite  1000  yards,  and  another  angle  102°,  the  aide  opposite  to  which 
is  required,     Tlien  applying  the  above  proportion 

rin  30°  :  sin  102°  :  :  1000  :  length  of  cau.'ieway  required. 

Aiith.  comp.  log.  sin.  30°  =  0'30103 

(Art  15)  log.  sin  102°  =  log.  sin  '78°  =  9-99040 

log.  3000  =  3*00000 

3*29143=log.of  ItiSfi 
The  length  of  the  causeway  must  be  1956  yards. 

KSQRCISE. 

Id  an  abliquo  angtej]  triangle  given 

A  =  30<i  aO'  10",B=40o   10'  30",  fl  =  9754,  to  find  c,  6,  and*. 

^ns,c  =  109°  29'  20",  6  =  13458*2a,c=  18205-71. 
07.     This  proportion  is  also  applicable  to  the  case  where  two  angles 
and  the  inteijacent  side  of  a  triangle  are  given.     Such  is  the  ease  in  the 
problem  at  Art  10. 
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Oue  of  the  angles  of  that  triangle  being 
given  equal  to  4^°,  and  the  othev  equal  to 
106°  30',  it  will  be  easy  to  find  the  third 
angle,  by  recoUecfing  that  the  sum  of  the 
three  angles  of  a  triangle  is  equal  to  two 
right  angles  (Geom,  Theorem  15),  or  180°  ; 
therefore  subtracting  tlje  sum  of  the  two 
given,  47"  +  105°  30'  «=  152o  30'  from 
ISO",  the  remainder  27°  30'  is  the  tiiird 
angle  of  the  triangle,  and  ia  opposite  the 
given  side  600  yards.  Thus  by  the  pro- 
porUon 


21°  30'  :  sin  47o  :  :  500  t  dist.  from  It.  house  to  fort- 
ai'itli.  comp,  log.  sin  27°  30'  =  0*335.'j9 
log.  sin  47°        =  9-88413 
log.       5' 


2'C98a7 
2*89869  = 


)g.  of  791-9 


The  distance  fi'om  the  light-house  to  the  fort  is  791-9  yards. 

The  importance,  where  any  considerable  degree  of  accuracy  is  required, 
of  the  method  of  solution  by  calculation,  instead  of  that  by  construction, 
will  appear  from  the  fiiot  that  with  tolerably  accurate  instruments,  and  some 
care  in  the  construction,  we  made  the  required  side,  which  we  here  find  to 
be  791-9  yards,  fo  be  800  yards  upon  the  scale;  thus  committing  an 
error  in  the  construction  of  about  8  yards. 


Given  in  an  oblique  angled  trian 
i  =  750   .TO'  ie"-5,  B  =  450 

We  add  another  practicid 


6',  c  =  I145<3,.to  End  the  other  parts  of  the 
=  59°  13'  41  "-5,  a  =  1290«5S,  i=,  94G>949. 


Involving  the  same  ca-.e  of  solution  combined  with  the  solution  of  s 
right  angled  triangle. 

An  observer  upon  a  plaia  desires  to  find  the  height  of  a  neighboring 
hil!  above  the  level  of  the  plain. 

Near  the  foot  of  the  hill  let  huu  take  the  angle  of  elevation  to  the  top, 
and  suppose  it  to  be  65°  64' ;  then  let  him  measure  back  a  distance,  say 
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100  yards,  ind  agara  taie  the  angle 

of  elevation,  whidi  ki  be  33°  30'. 

Then  in  the  triangle  ot  wliiiA  100 

yards  is  the  bise,  ind  SS-"  20  is  one 

of  the  angles    it  flie  base,  we  may 

have  the  ingle   at  the  lertei    and 

opposite    to    the    gi\en    b*ise,     by 

observing  that  the  tvtenor  angle  of  a  triangle  being  equal  to  the  two 

interior  and  opposite  (Geom  Theorem  13),  one  of  the  interior  is  equal  to 

the  esteiior,  minus  the  other  intenor,  and  therefore  the  angle  at  the  vertex; 

here  is  equ'il  to  55*^  54  —33°  20  =  23°  34' ;  then  say,  aa  in  the  last 


sin  22-^  34'  :  sin  33°  20  : :  100  :  side  opp.  to  33°  30' ; 

but  in  the  right  angled  triangle  of  which  65°  64'  is  the  angle  at  Iho  base, 
and  the  height  of  the  hill  one  of  the  perpendicular  sides,  we  have  the 
proportion 

10"  ;  sin  55°  S4'  :  :  iiypoth.  :  height  ri;<iiiired. 

from  which,  multiplying;  means  and  dividing  by  the  first  tenn, 

,   .  ,               sin  65°  54'  X  hypoth 
height  req.  = ,,    

but  from  the  preceding  proportion 

-       ,       sin  33°  20'  X  100 
hypoth.  or  side  op.  33°  20 ^T-K^^TT, 


Bubstituting  this  value  in  the  last  equation,  we  have 

sin  55°  54'  X  sin  33°  20'  X  100 


height  required  =  — 


10'°  X  sin  22°  34' 


iiritb.  comp  log.  10"  =  0*00000 

arith.  eomp.  log.    sin  33°  34'  =  0*41694 

log.  sin  55°  54'-=  9*91800 

log.  sill  33°  20'  =  9*73097 

log.  100  =  2 

snm  rejecting  twice  10  =  2*0'739'7  =iog.  of  118  0. 

118*G  yards,  or  355*8  feet  is  the  height  of  the  hill, 

■  To  this  renlt  the  Iieight  of  the  eye  or  of  the  inelrunient  should  ba  added. 
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G8.  Let  tSiero  be  a  street 
in  which  the  front  of  a  tri- 
angular block  is  216  feet, 
and  {mother  street  making 
an  angle  of  22°  37'  ivith 
the  first ;  under  wlmt  angle 
must  a  third  street  bo  liud 
out  from  the  extremity  a  of 
of  buildings  upon  it  shall  be 


Ul  : 

sin  22°   Si' 

:  216 

sin  of  the  angle  b 

111 

ai'ithcomp.  of  log.  =  7.93181 

220  3V 

Jog.  sin 

'=9'5649'7 

216 

log. 

=  2*33445 

46°  13'  55 

log.. 

n                   =-9.85123 

B  = 

45"    13'   65 

'    and 

180°  — B  — 0=112^ 

equired 

It  must  be  o)»erved  that  9*85123  is  alao  tho  log  sine  of  the  aiif.ple- 
ment  of  45°  13'  55'',  because  the  sine  of  m  die  s  equil  to  the  "imo  ol 
its  BUpplement.  (Art.  15.)     Hence  ]S4     46  is  al  o  a  iilue  of  Ibe 

angle  b,  and  there  are  two  solutions  to  the  problem  which  arp  both  exbi- 
Wted  in  the  diagram.     This  case  corresponds  to  Problem  8  (jteom 

If  the  given  angle  weve  right  or  obtuse  theie  could  be  but  one  solu- 
tion, and  the  required  angle  must  be  ai-ute 

The  same  is  the  case  if  the  givxn  side  j].Mite  the  gi^en  an^le  be 
greater  than  the  other  given  side,  beiauat,  in  every  \  hne  triangle  the 
greafflr  angle  is  opposite  tho  greater  side 

69.  We  shall  next  derive  a  formula  tDr  tlie  solution  of  i  tnanglp  wln'O 
the  three  sides  are  given,  and  one  or  4II  of  the  ingles  required. 

Let  ABC  be  any  triangle ;  from  _^ 

the,  vertex  of  one  of  the  angles  A, 
let  fell  a  perpendicular  a  i)  upon  the 
side  opposite.  This  perpendicular 
snay  fell  either  within  or  without 
the  triangle.  First  suppose  that  it 
jTalle -within;  then  (Geom.  Th.  29.) 
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whence 


Also  ill  the  right  angled  ti'iaiigle  a  b  c,  we  have 
whence  multiplying  the  exlremea  and  dividing  hy  the  third  term. 

_RX  BB 

substituting  in  this  expression  for  b  d  its  value  obtiwncd  above,  we  iisvo 

an  expre^ion  for  the  cosine  of  an  angle  iu  terms  of  the  three  sides  of 
triangle. 

Suppose  now  that  the  perpendicular  falls  without  the  trian 

Then  (Geom.  Theorem  28) 
Ac'— ab"+i>c'+2biiXsc 
hence 


2  B  0 


Again,  in  the  right  angled  triangle  a  b  d 


But  A  E  B  IB  the  supplement  of  th*  angle  a  of  the  triangle  a  b  c, 
hence 


substituting —  cos  b  for  cos  a  B  b  above,  and  changing  the  signs  we  have 


K-,.t9<ibyGoogle 


CLANZ    TRIGi 


iubsfituting  for — b  d  in  tke  second  member  of  this  equation  its  value 
tbund  above,  we  have  as  before 


Or  einpiojing  tlie  small  letters  to  repraseiit  the  sides  opposite  the  angles 
which  .are  expressed  by  the  largo  letters  of  the  same  name 


That  is  to  say,  the  cosine  <f  dther  angle  of  a  triangle  is  equal  to  (he 
sum  o/"  the  squares  of  ike  two  fddes  which,  contain  it,  minus  the  sqiiare  of 
the  side  opposite,  divided  hy  twice  the  rectangle  of  the  conlainiiig  sides. 

Let  us  apply  this  formula  to  an 


Suppose  the  three  aides  of  a  triangular  plat  of  ground  are  to  be  50, 
60,  and  70  yards,  under  what  angle  must  the  first  two  be  laid  out  ? 

.    ,        ,  2500  +  3600  —  4000       , 

COB  required  angle  ^b  X ^ =  i 

^  "  ^  2X50X60 

if  we  make  B'>=-  1 ;  hence  J  or  '20000  is  the  nat.  cosine  of  the  angle 
required.  This  angle  will  be  found  from  the  table  of  sines  and  cosines, 
to  be  18°  21'  41".* 

This  case  might  also  be  solved  with  the  table  of  log,  sines,  &c.,  by  sub- 
tracting the  log,  of  the  whole  denominator  from  that  of  the  whole  nume- 
rator, and  adding  10  the  log.  of  k,  or  adding  at  once  the  arith,  comp.  of 
the  denominator,  the  logs,  of  the  numerator  and  k,  rejecting  10  from  the 
aum  ;  in  either  case  the  result  would  be  log.  cosine  of  the  angle  required. 
The  solution  is  left  as  an  exercise  for  the  student. 

70.  "We  now  proceed  to  demonstrate  some  formulas  which  express  rela- 
tions between  the  different  tiigonometrical  lines  of  the  same  arc,  and 

'  The  Eeeondfl  are  found  ag  follows :  Take  the  difference  belween  the  iwo  coaaea 
nexl  greater  and  next  Icsa  than  yours,  and  also  the  difference  between  yours  and  ihe 
next  greater,  multiply  the  latter  difference  by  60  and  divide  the  product  by  the  former 

ffereiioe  ;  tho  quotient  will  be  the  seconds  sought.  The  reason  appeals  from  the 
lowing  proportion. 

diff.  of  cosines.        diff.  of  numbers.        diff.  of  cosines.  diff,  of  numbers. 

IB  the  lab.        :  60"      ;  :       youis  and  the  tub.     :    seconds  required. 
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cosine  of  their  sum  or  difference  may  be  foutid.  Thus  if  the  sine  and 
cosine  of  30°,  and  also  those  of  20"  be  ^ven,  those  of  50°  =  30o  4-  20o 
or  of  lOo  =  30°  —  20"  may  ba  found. 

Let  A  11= a  in  the  diagram 
be  bne  of  lie  given  ares,  and 
BM  =  6,  be   the  other.      Then 

it  is  the  perpendicular  let  fall 
from  one  extremity  of  the  ate  b, 
upon  the  radius  which  passes 
through  the  other  extremity, 
c  p  =  COS  a  and  c  I  the  distance 
from  the  foot  of  the  sine  to  the 
centre  e=cos6.  ab  =  am  + 
MB  =  a  +  6,J7E=5in(a  +  6) 
andE  c=cos  (a  +  b). 

In  the  triangle  0  k  i  ive  have  (Art.  64,  IV.) 

IK ^ sin  o  X  O  I 


and  in  the  triangle  b  i  l  (Art.  64,  V.) 


or  since  b^^  c  their  sides  being  respectively  perpendicular 

B  L  =  sin  6  cost!  (2) 

Adding  equations  (1)  and  (2)  and  observing  that  e  i.  +  ji  r.  =b  a 
a— sin  A  B  we  have 

sin  ((t  + 6)  =  sin  ((COB  64. sin  5  cos  a  (3) 

The  second  member  must  be  imderstood  to  be  divided  by  n  ^  1,  for  a 
line  cannot  be  equal  to  the  sum  of  two  surfaces  (See  Ait.  64,  IX.). 

Formula  (3)  is  read  thus  :  the  sine  of  the  sam  of  any  two  «ras  is  equal  le 
thesim  of  the  first  into  the  cosine  of  Ike  second  plus  the  sine  of  the  second 
into  the  cosine  of  tke  first,  divided  by  radius. 

c  K  =  cos  c  X  c  I  =  cos  a  cos  J  (4) 
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y  (5)  from  (i),  and  observing  fliat  v  k —  BK  =  CK^coa 
A  B  (Art  24),  wo  liavo 

cos  (a  +  6)  ==  cos  a  cos  6  — an  a  sin  b        (6) 

Tlie  seeoni:!  member  of  (6)  muBt  be  understood  t  be  dnidid  H  s  or 
the  fitat  member  to  be  multiplied  bj  b  to  produce  humrgeiiuty 

Formula  (6)  is  read  tbus  the  coaim  of  tlie  sum  of  any  two  arcs  u 
fguai  to  the  i-ectanffle  of  then  costties  minus  the  rectangle  of  their  sines 
divided  by  radius. 

In  formula  (3)  let  a  =  60°  and  6  =  20°  theo  by  the  tirst 

^      sin  60°  cos  20°  +  sin  20°  cos  60° 


1  or  10'°  as  the  case  may  be 
Performing  the  operations  by  the  aid  of  logarithms 

log.  sm  60°  =  S.93J53 

log.  cos  20°  =  9.972S9 

Hog.  sin  20°  ^  9.53405      

log.  cos  60°       9'6989r      9-910E2*     log.  of  '81 
9*25302  log.  of  •I'i 


1  or  10'°  or  whatever  b  may  be  f 

We  shall  derive  expressions  for  sin  (a — 6)  and  cos  (a  — 6)  or  the  sine 
and  cosine  of  the  difference  of  two  ares  in  terms  of  the  arcs  fliemselves, 
by  making,  iu  the  formulas  just  derived,  for  sin  (o  +i)  and  cos  (a  +6)  ; 
6  .-=  —  h,  observing  tiat  coa  (  —  6)  =;  cos  6  and  sin  (  —  h)  =  —  sin  b 
(Art.  27).     By  tliis  siibstituljon  there  results 

*  From  each  of  the  logs.  9«9I053  and  9-25302,  10  must  be  rejeoled  in  order  to 
pass  ftom  the  table  of  logatilhinio  eines,  &.C.,  in  which  iho  i-ndiua  is  10000000000, 
the  logarithm  of  which  ia  10,  to  the  table  of  natural  anos,  &o.,  in  which  the  radius 
is  1 .  The  eharaclerJBlics  of  these  I  ogarithms  would  thus  become  1 ,  but  iho)'  may  ba 
cead  BO  as  they  stand  according  to  Art.  54,  Cx.  3. 

t  The  student  may  develops  Ihia  as  on  exercife,  and  compate  the  result  with  con 
80°  as  given  by  the  tabic  of  natural  sinea  and  cosines. 
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F'ind  the  sine  of  57°  from  ain  of  15°  =  -SSSSS,  and  ooa  =  -9651)3,  and  sin 
42°  =  '66913,  and  cosine  =  '74314. 

Fittd  the  cosine  of  9°  from  sine  and  cosine  of  34°  =  -40674  and  -91355  and  sioa 
and  cosine  15°  =  '25882  and  -36593- 

These  four  fonnulaB  for  the  sine  and  cosine  of  the  sum  and  differ- 
ence of  two  arcs  should  be  committed  to  memory,  aa  they  are  constantly 
reciirring  in  trigonometry,  and  in  the  higher  asialysis.  The  four  may  be 
expressed  in  two  by  the  use  of  the  double  sign,  thus 

Bin  (ffl  +6)  =  sin  a  cos  &  ±  sin  6  cos  a 

cos  (a  ±  &)  ^  cos  a  ct«  6 +siii  a  sin  6 

71.  From  fomiula  (S)  sin  (a+h)  —  &a.,  we  derive  one  much  used 
in  the  higher  analysis  for  expressing  twice  an  arc  in  terms  of  the  arc 
itself,  by  simply  malting  b  =  a  the  result  is 

the  two  terras  of  the  second  member  becoming  the  same. 

We  also  get  an  analogous  expression  for  the  cosine  of  twice  an  arc  by 
malting  i  =  a  in  formula  (6)  of  the  la^t  article  cos  (a  +  &)  =  &c  This 
expression  is 

Thus  knowing  the  sine  and  cosine  of  20°,  these  last  two  formulas  wouUl 
give  us  the  sine  and  cosine  of  40°. 

Tiieso  two  formulas  may  be  modified  so  as  to  express  the  sine  an<I 
cosine  of  an  arc  in  terms  of  half  the  arc,  under  which  last  form  they  are 
much  used.  This  is  accomplished  by  making  a=  i  a,  which  is  le^tJ- 
mate,  since  a  is  supposed  to  have  no  particular  valne ;  then  2  a  become  « 
and  we  have  from  (1) 

sin  o  =  2  1 
nod  from  (2) 


>  i  '  (s) 
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Find  the  siae  of  33°  from  the  sine  and  cosine  of  1G°,  ilie  former  being  •i!7S64 
nnd  the  latter  •96126.     Find  aho  tho  cosine  of  33*^  from  the  eante  dais. 

Note. — This  laft  is  best  done  by  obaorving  thai  the  produel  of  the  sum  and  difTer- 
ence  is  equal  to  the  difiereuce  of  the  squares. 

12.:  By  meatis  of  this  last,  and  i  \eij  ■iimjle  tormuli  dejindiiig  upon 
the  well-known  property  of  thp  light  angled  tnangle  that  the  squire  ot 
the  hypoiheimse  is  equal  to  the  sum  of  the  squ'ires  of  the  other  two 
Bidea,  a  formula  expressing  the  v  ilue  of  the  sine  of  half  in  arc  m  terms 
of  the  arc  itself  may  be  obtained 

The  formula  depending  upon  the  proj  Pity  ot  the  i  ght  angkd  triingle, 
will  bo  found  by  referring  to  the  last  diagram,  m  which  the  tnangle  c  P  M 
is  right  angled  at  p,  whence  (Gtjm  Th  26) 


or  calling  a  m  ^  re 

Introducing  B  into  equation  (4)  accoi'ding  to  the  rule 
at  Art.  31,  and  changing  the  order  of  the  members  it  becomes 

cos'  i"  a  —  sin"  ^  a  =  R  cos  a  (6] 

Subtracting  (6)  from  (s)  we  have 


Dividing  by  2  and  taking  the  square  root  of  both  members  of  this  last 
eqoatJon,  we  have  the  formula  required. 


73.  We  resume  the  solution  of  triangles,  having  now  a  formula,  by 
means  of  which  we  shall  be  able  to  derive  an  expressioii  for  one  of  the 
angles  of  a  triangle  in  terms  of  the  three  aides ;  an  expression  which  will 
lie  found  much  more  convenient  for  the  application  of  logarithms  than 
that  contained  in  Art.  69. 

By  Art.  69,  making  h  =  1 
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putting  B  ill  the  place  of  a  in  tlio  formula  for  sin  i  a  (formula  (8)  of  the 
last  article)  we  have 

substituting  for  cos  b  in  tliis,  iis  va!tio  in  (1),  we  liave 


reducing  the  terms  under  the  I'adical  to  a  common  denominator,  there 
results 

.  /'2l'c  —  a'—e'  +  i^ 
.in^B=\/^^^^--^^ 

but  (Alg.  Art.  !3,  ITote  2) 
hence 

but  the  difference  of  the  squm'es  of  two  quantities  is  equal  to  the  product 
of  their  sum  aiid  difference  (Alg.  Art.  13,  Note  2),  hence 

»•-(•-')•=(»  +  «'-«)(»-'■+') 

substituting  the  second  member  of  fiiia  in  place  of  the  first  in  the  pre- 
ceding equation,  and  separating  tiie  4  of  the  denominator  into  two  factors 
2X2,  we  have 


i-epresentiiig  6  +  a  +  c  the  sum  of  the  three  sides  of  the  triangle  by  s 
the  second  members  of  the  two  last  equaiities  beeomo 

J. -e  audi. -a 
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substituting  these  for  their  equals  in  the  preceding  equation  it  becomw 

tlie  formula  sought.* 

As  the  angles  have  each  the  same  relations  to  the  corresponding  wdes 
of  a  triaugle,  tJie  same  formiila  by  a  proper  modification  will  fiu'nish  the 
values  of  the  angles  a  and  c. 

It  Diay  be  expre^ed  in  ordinary  language  thus,  the  sim  <f  half  eitker 
angle  of  a  i^iangle  is  equal  to  radiiis  into  the  square  root  of  half  ike 
ium  of  the  three  sides  minus  one  of  the  adjac^it  sides,  into  half  the  smn 
minus   the  otlier  adjacenl  side,  divided  by  the  reet<mgle  of  the  adjacent 

To  apply  this  to  an 


Let  there  be  three  places  at  distances  from  each  other  respectively  of  50, 
60,  and  TOmilea.  Required  the  angle  under  which  two  roads  must  depart 
from  that  which  is  60  and  70  distant  from  tJie  other  two,  in  the  direction 
of  tliese  last  60  and  70  will  be  tiie  sid^  of  a  triangle  adjacent  the 
required  angle,  and  50  the  side  opposite ;  then 


o  i  the  angle-.  ./»'-"))    (jj 
'  fin  V  7ft 


and  J  s  —  60  =  30 

log.  of  20-=  1-30103 

log.  of  30==1*477I2 

ar.  comp.  of  log.  of  60^8*22185 

ar.  comp.  of  log.  of  70  =  8'15490 

sum  rejecting  twice  10=-1'15400 
Divide  this  sum  by  2  for  ^/,  quot  =  —  0-5  +  -07745 
Add  10  to  multiply  by  n  sum  =  0*57745  =  log.  sin  of  i  the  required 
angle. 

*  Rndlus  must  be  understood  as  a  HaWt  of  tha  second  member  foi  tba  sake  of 
liomogenoit]',  Eince  the  quantity  under  the  radical  la  Ibe  ratio  of  a  surbM  to  a  raT" 
fucB,  and  tUerofore  an  abstract  number. 
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iVom  the  tables  we  find  ^  the  angle  to  bo  92°  12'  28". 

The  whole  angle  required  will  be  double  this  or 
44°  24'  56" 

The  other  two  angles  may  bo  found  in  a  similar  manner ;  the  one  is 
Gl°  01'  18",  the  otiier  78°  21'  40". 

If  K  ill  the  above  formula  should  be  made  to  pass  (by  ac[uaring  it)  under 
the  radical  sign,  it  would  be  necessary  to  add  twice  10  in  order  to  effect . 
the  muIlapHcation  by  this  foctor  r'  before  taking  the  square  root.  But  aa 
on  the  other  hand  twice  10  nrnst  be  rejected  for  the  arithmetical  comple- 
inenta  used,  these  two  operations  exactly  couuterbahince  each  otter,  aud 
neither  of  thera  need  be  pcrfonned.  By  adding  together  the  four  loga- 
rithms, therefore,  and  dividing  by  2,  the  same  result  \vill  be  obtained.  The 
operation  in  the  above  example  would  bo  as  follows  : 

tog.  of  20  =  1*30103 

log.  of  3Q^l'i1'Jl2 
ar.comp.  of  log.  of  60=- 8*22185 
ar.  comp.  of  log.  of  70  =  8*15490 


.  of  22°  12'  ! 


2)19*15490 
-^   9'5';J45 


The  best  mode  of  proceeding  in  the  sol  t   n 
three  sides  are  given,  is  to  prepare  a  blanl    f  n 
by  ruling  four  columns,  the  first  for  the  arg  ra    fc 
Xhree  for  the  trigonometrical  funcliona  of  th       v 
employed  in  the  calculation  of  o 


a,  b,  e,  denoting  the  ^von  sides, » their  si 


I,  and  A 


]  1  triangle  when 
n  U  t  that  on  p.  58, 
d  ach  of  the  other 
m  f  necessary  to  bo 
les.  Thus, 
c  the  required  angles, 


„,_.,».„„.. 

«_,.,.«.,.»..,. 

„.„».-.-.... 

»,_  ,„,..,.,..„. 

ar.  CO.  log. 

ar.  CO  log. 

.r.co.log. 

•r.  CO.  log. 

.,.  CO.  1.8. 

.,.  CO.  log. 

Sl. 

leg. 

log. 

is— i 

kg. 

log. 

*—' 

2> 
loj.  .in 

log. 

i  * 

2) 

i" 

log.  .« 

2) 

it 

log.  .» 
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To  show  how  Lhis  form 
Given  (1  =  33,  i=42 


ill  up  take  tlie  following  example. 
=  53*0,  rc^iuivod  A,  B,  o. 


Odimu,  of  ATCumenl., 

c.,^f„=j..,.t™^.. 

Cl.™^,„«.U.oo,.. 

n        33 

ar.  00.  log.  8-4B 14861 

ar.co.log.8-<iei4861 

A          42-6 

ar.eo.log.  8-3705904 

ar.oo.log.  8.3705904 

c        53.6 

ar.co,log.8'9708352 

ar.  CO.  log.  8-3708352 

<       139.2 

J.         G4.6 

iir~o31-6 

log.  1-4996871 

log.  1-4996871 

4»  — 6  32 

log.  1-3494227 

log, 1-3424337 

log.  1-0413937 

log,  1-0413937 

log,  sin  9-5136305 

iiI80  59'56"-5 
Jb260  18'53".3 

2)19-3934011 

log.  sin,  9-64G7005 

2)19-6941863 

4  c  440  41'  10" 

log.  ein  9-8470931 

A  =  37°  59'  53",  E  =  52o  37' 46"*6,  c  =  89"  22'  20". 

There  are  olhor  forms  which  have  some  advantages  over  live  above,  and  which  may 
be  derived  in  an  analogous  manner.     They  are  as  follows. 


-^i.a  — 

•>  (t. 

-l)(!.~.) 

-s/i 

•  u  — 

he 

^* 

.  /<i' 

-b)  (i 

s  — e)t 

e  blank  forms  for  these  formulas'a: 


1.  Given  in  a  plans  triangle  the  three  sides  120,  112-65,  and  112,  to  find  llie  three 
angies. 

J  570  27' 
Ana.  )  570  58'  39" 
(  64°  34'  21" 

•  Derived  from  (5)  and  (6)  of  Art.  72,  and  (1)  of  Ajt  73.     A  convenieml  form. 

tBy  diviilmg  the  Ibrmiila  sinit  =  V4  — 5  cosTby  the  fcirmuia   cos  i  a  = 

V  1  +  i  coa  A  is  found  tan  J  A  =  T-j^ from  which  (4)  above  may  be  derived ; 

or  at  once  dividing    (3)  hy  (4).     Inaeiniilar   manner  may  be  found  cot    J   «■= 


I  — oc 


=  *   /  ,    ™°  °  ,  and  oosec  i 
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S.  Giren  a  =  6B7G,  6  =  4S3I,  e  =  B913-24,  u,  find  a,  b,  and  c, 

f  A  =    48°  24'  36" 

'  0  =  104  11  24 

74. 'Before  treating'  of  tlie  only  remiuDing  case        tl        It  i  in 

angles,  it  wiil  be  convenient  to  demonstrate  some  all  tj  nal  If 

niulas  which  shall  present  certain  important  relations    f  tl    tn    n  m  tnc.  1 

linea  of  two  difierent  arcs ;  whicli  formulas  are  ot  f  equ  nt  us  n  th 

higher  analysis,  ai'e  empiojed  in  tie  subsequent  p  -t  f  th  1  ani 
will  be  immediately  of  sorvice  in  deriving  a  formul  f  tl  it  se  f 
plane  fmgonometry  which  wo  have  to  consider. 

Add  together  equations  (3)  and  (1)  of  (Art.  70)     h   1       j  th 

values  of  sin  (a  +  6)  and  sin  (a  —  6)  and  the  result  ng     q  at    n  e.      ' 

ling  the  second  terms  of  the  second  members  which  re  n  la  th  con 
trary  signs,  is 

.in(.+  S)  +  .m(,.-S)_2.m.oo.6  (1) 

n-\-b  =^  !tnd  a,  —  b  =  q 

add  these  last  two  equations;  there  results 

'la=^p-\r  q  whence  n=^  (p  ^g) 

siibttacdng  the  same  equation,  the  second  from  the  first, 

2b =p  —  q  whence  5  =  J  [p  —  5) 

substituting  in  equation  (1)  (he  values  of  a  +  ^,  a  —  i,  a  and  6  in  terms 
of  p  and  q,  that  equation  becomes 

sinp  +  sin  |7--28ini-(if  +  5)cos4-(?.--|?)*    (2) 

Which  may  be  translated  into  ordinary  language  thus  :  (Ae  mm  of  the 
sines  of  two  arcs  is  equal  to  tmce  tfie  siiie  of  half  the  sum  into  the  cosine 
of  half  the  difference  of  those  arcs. 

By  subttacting  the  latter  of  the  same  equations  (3)  and  (7)  of  (Art.  69) 
from  the  former,  and  reducing  similar  terms,  there  resulis 

.m(.+  6)-.m(»-4)_2onioo.a  (3) 

'  R  must  be  understood  eiliier  os  a  divisor  of  Ihe  second  member  or  multiplier  of  the 
first,  becauKo  the  aum  of  two  lines  cannot  ba  equal  to  a  rectangle. 
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making  the  same  substitutions  as  above  in  equation  (1)  this  last  equatior 


sin  ;j— sin  g  =  2  sill  ^  (p  ~  g)  coi 

^i{p+l) 

w 

or,  the  difm 

•enee  of  tfte  siiies  of  (wo  arcs  is  eqttat . 

to  hake  the  s 

».  0/  h(/ 

Iheir  differs 

ice  into  the  cosine  of  half  their  sum.'' 

Divide"  equation  (2)  hy  equation  (4) 

but 

sinib  +  sin?         sill  i{p+q)ca 
slnp-sing         cos  i  {p  +  <j)  ^-^ 

:if[f^!  ==  tang  .Hi>+?)  (Art. 

^i{p-<!) 
32) and 

(5) 

oi  inverting 

cosi(p 
tiiis  ]ast 

-^-|)  =  tangi(p- 

-j) 

■^i(p-l)                 1 

1) 

sm^{p—q}       Uiu^ip- 

E\ibsti  tilting 

in  (5)thevaluesof'''"t^ ''"'"'??  a. 

•^^m^ 

-s) 

t)ie  equation 

becomes 

sinp  +  sing_t^ni(;,+ 

i 

(6) 

sin^ — sing      tani^(p— 

whicli  may  bo  expressed  in  a  propoi'tion  thus  :  the  sum  of  tlte  aims  of  any 
(wo  area  is  to  the  difference  of  their 
is  to  the  tangent  of  hdf  their  diffe. 

76.  Let  A  B  c  be  any  triangle; 
then  (Art.  67) 


or  by  composition,  (A!g,  Art, 
IXt  <5eom.  Theorem  47), 
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GENERAL    FORMUl.X, 

fc  It  by  equaUon  (6)  Art.  74. 

.iii»  +  6iiiii:sini  — siiiB  ;:  t,m  J  (»  +  »):  tan  1  (i  —  b) 


a  +  b: 


-  J  :  :  tall  i  (i  +  b)  ;  laii  .J  (a 


-,) 


'des  of  a  plum  tiiartgle  i»  to  Ihcir 
'.  of  the  oppoiiti'  angles  *!  to  the 


That  is  to  say,  iJie  imm  of  two  of  the  si 
diffm-mioe  as  the  tangent  of  half  the  sum 
tangent  of  half  their  iiffereiwe. 

TsTLia  proportion  is  employed  wlieti  two  sides  and  tlie  included  angia  of 
a  triangle  are  given  to  find  tbe  other  parts.  Since  tii9  three  angles  of 
every  ti'iangle  are  together  equal  to  two  right  auglea  or  ISOo,  subtracting 
the  given  included  angle  from  180°,  the  remainder  is  the  sum  of  the  two 
angles  opposite  the  given  sides ;  then  sulstjtuting  for  a.  and  h  in  the  above 
proportion  the  two  given  sides,  three  terms  of  it  are  known  and  the  fourth 
may  be  found.  After  which,  having  half  the  sum  and  half  tbo  difference 
of  the  unknown  angles,  these  angles  themsihps  lau  be  found  by  adding 
half  the  sum  to  half  the  difference  loi  the  gicater,  and  subtracting  half 
the  difference  from  half  the  sum  from  the  lesser  when  all  the  parts  of 
the  triangle  will  be  known,  except  one  side,  which  may  be  found  by  the 
proportion  tlie  sines  of  the  angles  are  as  the  opposite  sides.  (Arl.  67.) 


An  observer  wishing  to  know  tlie  length  of 
a  small  lake,  measured  two  lines  from  tlie  same 
point  to  the  two  extremities  of  the  lake,  whicli 
ho  found  to  be  respectively  153  and  137 
yards  ;  he  also  observed  with  an  instrument  fur 
taking  angles  the  angle  subtended  from  this 
point  by  the  lake  to  be  40°  33'  12". 
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To  Jind  the  turn  other  angles. 
As  sum  of  the  given  sides  290  =-  arith. 

comp.  of  leg.-"*  1'5SlG0 

:  diff.  of  the  sid^  16  =  log.-'  1-20412 

: :  tan  of  ^  sum  op.  angs,  =  ^  (180  — 

40°    33'    12")'=69°    43'    24"  = 

log.-'  10-43245 

;  tan   of    ^  diff.  of  op.  angs.  log.   of 

whicli  is  sum  rejee.  10=  9-174l7=ilog,  tan  8° 

Add  and  subt,  with  -J-  sum  of  angs.  69° 


sum^greater  angle  78°  13'    1'' 
diff.  — lesser  angle  fll°  13'  41" 

Tojwd  the  remaining  dde.\ 

As  ain  *i%°  13'  r==aritli  comp.  log.-'     0-00925 

:  opp.  side  153};=  log.-'     2'18469 

::  sin  40°  33' 12"  =  log.-'     9*81302 

:  aide  opp.  40°  30'  12  "  == 

loff.-'  sum  rejeo.  10  =  2*00696  log  of  101'618. 
The  length  of  tlie  lake  is  101*616  yards. 
Tbe  blank  form  for  this  case  would  be  as  follows  : 


log. 

.+1 

.,..ote 

lot 

log.  .« 

i(i  +  '>) 

log.  ™ 

4(i  — E) 

log.  .«. 

A 

ar.  eo.  log,  ain 

" 

"S"" 

'  This  notation  "  log.-'"  signifies  thi  tafn&er  vikone  los.  is- 

t  A  more  direct  mode  of  finding  this  side  when  it  is  the  only  part  requii-od,  is  given 
M  Art.  77. 

1 153  is  known  to  be  the  side  opposile  78°  13'  1"  heeause  the  greater  angle  of  » 
triangle  is  always  opposite  the  greater  side.  (Geom.  Theorem  9.) 
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The  Bame  form  filled  iip  with  tlie  given  example  above  is  given  belov 


b  137 

fl-t-i  290 

ar,  CO.  log,     7.53760 

0  —  4    IG 

loR.  l-304iS 

c:    40C  33'  13" 

A  +  B  139°  3e'48" 

H*  +  B)   69°  43' 34" 

log.  tan     10-43245* 

4(i  — b)     B°  29' 37" 

log,  Ian      9'n417 

A    78°  13'    1" 

B    610  13'  47" 

c    lfll-616 

log,  ein  O-Oliaafl 
log.  3-00696 


77.  Given  iwo  ladea  and  the  incinded  angle  of  a  plane  Irianglfl 
iMid  side,  wilhaul  finding  the  remaining  angles. 

Tho  general  expreaaion  for  the  aide  c,  in  terms  of  itie  two  aid' 
kieliided  angle  c,  ia  (Art.  69)  on  the  supposition  of  r  =  1, 

c-'=   a'  +  js  — Soicoao 

=  (o_6);  +  9fli{l_coac) 

=  <-'>■  !-+cfi:'5-'"S 

AMume  the  fcoond  terra  within  tiio  brackets  equal  to  tan  '8,  then, 


Hence  e  ia  determined  by  these  two  formulas,  viz., 

log,  lanS  =  log.  2  +  ilog,  B-i-Jlog,  i  +  log.ainjc  — !og(o— i) 
log.  c  =.,  log.  (a  —  i)  +  10  —  log,  coa  fl,+ 

•  Log.  eot  1  0  miglit  he  used  instead  of  log,  tan  i  (*  +  ">  sJnco  180°  —  li  =. 
1  +  n  and  .-,  90°  —  i  c  =  i  (»  +  ")  ^d  ""i  (90°  —  J  c)  =  cot  ^  c,  Biit  nothing 
would   !)8  gained,  EincB   i    (jV  +  u)   must   he   tniployad   to    add  and  Bubtraot  with 

i    (*->!) 

t  When  6  is  nearly  eqaal  to  a,  the  following  fomiulas  will   ^ve  c  with  greater 
For  demonstration  see  App,  I,  Art.  33. 
2  v/^ 
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162,  b  =  320,  and  c  =  128°  4',  to  find  c. 

log.  3  0-30103 

i  log,  563  1'37487 

J  log.  350  1-2525J 

Jog.  ainfrloS'  9-95378 

sir.comp.log.  942  7-G1618  1(.g,243  +  10       13'38382 

log,  tan  e  10.49843  .'.103.0038=      9-48072 

log.  c  aOO'OI                               9-90310 


20'  10"-3  io  find  the  otiier  parts  of  the  Iriangla, 
A  990  57'  5"-25,  B  49°  49'  44-45,  c  30a0-833. 


Given  1  40°  55'  31",  J  83-25,  c  100, 1 


Tim  fiase  of  the  solution  of  a  triangle  combined  vvith  that  exhibited  at 
Art,  67,  serves  to  deferiiiiae  the  hoi'izontal  distance  between  two  in 


Let  the  distance  between  two  towns  which  are  in  sight  be  reijuired. 

Measure  a  line  upon  the 
ground  (which  is  called  tlio  base 
line)  (^  3  miles.  Take  the 
angles  at  each  extremity  formed 
by  this  base  line  and  a  line  to 
each  of  the  towns.  Tivo  tii- 
angles  will  be  farmed,  in  each 
of  which  a  aide,  viz,  the  base 
line,  and  two  adjacent  angles 
will  be  giren.  Let  the  angles 
in  the  triangle  of  which  the 
upper  town  is  the  vertex  be 
159°  and  14";  and  those  in 
that  of  which  the  lower  town  is 
the  vertex  be  25°  and  149°. 
Calculate  the  distance  from  one 
extremity  of  the  base  line,  say 
the  upper  extremity,  to  e-ach  of 
the  towns,  as  in  Art.  67.  Then 
you  will  Isnow  two  sides  of  a  triangle 
tance  between  the  towns  required. 
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The  incliideil  angle  between  these  two  sides  is  169°  —  26°  ^  13i°.    . 
Having  then  two  siJes  and  the  inclu(te<l  angle,  the  remainder  of  the 
solution  is  the  samo  as  in  tlie  last  case. 

We  leave  it  as  nn  exercise  for  tlio  learner.  Ans.  I2'032  miles. 


(I.)  From  tho  eqiiation  am'  a  -f-  5  cos''  g  =  3  to  find  llie  -value  of  si. 
Atis.  si 
(3.)  If  sinJn  =  nii;03n  — «io  delermine  cog  ii. 


A«s.  e,>sa=.  —  hm±^im^  +  n+l. 
13.1  Given  sin  «  =,-i  m  sin  b,  tan  o  =  n  Ian  6  lo  find  sin  a  and  cos  b. 

(4,)  Fro-vo  sin  (a  + 6-^- c)  =5in  a  eoi  4  cos  c  +  siii   6  coa  a   cos  c  +  ain 

(5.)  Given  tan^  a  +  4  siii^  a  =  6  to  liiid  a. 

Am.  o=iGOO. 
(G.)   Sui  a  =  sin  2,1  to  6«i  ain  a. 


^Vl 


(7.)  Given  Ihe  ba?e  of  a  liiangla  87-75,  the  vertical  angle  73°  30',  and  tho  dif- 
ferenoe  of  ilie  sugles  at  tlie  base  13°  4',  to  find  the  other  parts. 

jjj^  (  46°  48',  59°  52>. 
'  I  79-3194,  66.7731. 
[8.)  Given  the  ba^o  117'3,  the  vertical  angle  19=  18',  and  the  ratio  of  tlie  other 
two  fides  8  :  11  to  solve  tlie  triangle. 

Aus.  123f>  13'  23-"7,  37°  H8'  36"'3, 215-94, 296-89. 
(9.)  Knd  into  wliat  two  parta  the  perpendiealar  from  tho  vatloi  of  the  angle  c, 
divides  llie  Ma  c  of  a  triangle  when  a  =  33°,  C  =  75°,  and  a  =  3134. 

Am.  3135-3  ande5i)-4.1. 
(10.)  The  adeofa  regular  polygon  of  41  sides  is  0-73 11.     What  is  tho  ratio  of  the 
radii  of  the  in^crttied  aud  ciicuinseribed  circles  ? 

Aas.  -99708. 
(11.)  Find  llie  e.ttcnt  of  the  circle  of  viaon,  viz.  the  are  to,  from  tiie 
top  of  a  monntaiiiM,  whose  height  ia  54C0  feet,  suppofling  the  radiiia 
of  the  earth  to  l>a  395C-1  milcE. 

Ans.  91  miles,  1558-88  ftet, 
(13.)  When  the  auu's  altitude  ia  19°  16'.  tlia  peak  of  a  mountain 
easts  its  ahadow  at  a  certain  point,  and  at  another  point  when  the  sun's  altitude  is 
20°  49',  distant  from  the  former  point  937  ft.     Now  Enpposlcg  tlie  aun  lo  be  vertical 
on  the  top  of  tlia  niounlaiu  at  noon,  what  is  ile  height? 

Ana.  4369.1  ft. 
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(13,)  Two  forces,  one  of  410,  the  other  of  330  poands,  act  under  an  angle  of  51o 
37',  required  the  direction  and  intenaity  of  their  reaullaiit.' 

(  The  resultant  makes  an  angle  of  39°  13'  46"'7,  with 
Ant. }     the  loea  force,  imd  H2o  93'  13"*3  with  the  gteatar. 
(  Intensity  702'39838  pouoda. 
{14.)  From  the  edge  of  a  ditch,  the  width  of  which  waa  36  feel,  llie  angle  of 
elevatioii-tolhe  top  of  an  opposite  wail  waa  G20  40' ;  to  find  the  height  of  the  wali 
and  (be  lenglliof  a  ladder  which  would  reach  obliquely  across  the  ditch  to  ths  top 
of  the  wall 

i  Height  of  wall,  69-64. 
"''  i  Ladder,  78-4  feet- 
CIS.)  To  find  the  length  of  a  ^oar,  which,  projecting  1 1  feet  from  tlie  perpendicu- 
lar iitco  of  a  building,  will  support  a  jamb  23  feet  10  inches  above  the  ground  7 
Ans.  36  feci  3  inches. 
(IS.)  Suppose  that  a  ladder,  4O  feet  long,  will  reach  a  window  33  feet  from  the 
groupd  on  one  aide  of  a  street,  and  on  being  turned  over,  without  moving  the  foot,  il 
will  teach  a  window  31  feet  high  on  the  other  aide  ;  to  find  the  breadth  of  the  street  1 
Atif.  5G'649  feet. 
(17.)  A  hberty-pole  whose  lop  was  broken  off  strikes  the  ground  at  15  feel  dis- 
tance from  the  foot  of  ibe  pole  ;  to  find  the  iieight  of  the  whole  if  the  broken  pieca 
mea,™rea  39  fwt  in  length  1 

(18.)  At  170  feet  distance  from  the  bottom  of  a  tower,  suppose  the  angle  of  eleva- 
tion to  be  53°  30'  i  to  find  the  altitude  of  the  tower  T 

Am.  231  feet. 
(19.)  From  the  top  of  a  lower  by  the  aea-shore,  143  feet  high,  the  angle  of  depres- 
aon  of  a  ship  waa  obaerved  to  be  35°  ;  to  find  the  distance  of  the  ship  from  the  bot- 
am  0       e  ower  .  ^^^  204.29  feet. 

(20.)  To  find  the  height  of  a  hill,  the  angle  of  elevation  at  the  bottom  being  46°, 
and  200  yards  distant  from  the  bottom  31"  ! 

Ana.  23  6-38  yard  a. 

(21.)  To  find  the  height  and  dialan 
plane,  the  angle  of  elevation  being  58'^ 
angle  being  only  320  1  .„.  ^Height.      307-53. 

""'  f  Distance,    192'15. 
(22.)  To  find  tho  height  of  a  tower  on  the  top  of  an   inaccessible  hill,  the  angle 
of  elevation  to  the  top  of  the  hill  being  W->,  the  top  of  tho  tower  51°,  and  900  feel 
further  back  tho  angle  to  the  lop  of  the  tower  being  33o  45'  I 

An>.  93-33148  feet. 
(33.)  From  a  window  on  a  level  with  the  tottom  of  a  steeple,  the  angle  of  eleva- 
lion  of  the  top  of  the  ateeplo  being  40°  ;  and  from  another  window,  18  feel  directly 
above  the  former,  tho  angle  was  37°  30' ;  to  find  the  height  and  diMance  of  the  steeple  ^ 
.      t  Height,     310-44. 
'  i  Distance,  250-7!). 

•  The  resultant  of  two  force?  ia  a  single  force  equivalent  to  them,  and  is  the  dia- 
gonal  of  a  parallelogram  of  whicli  the  two  forces  given  are  sides. 
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MIBCBLLANEOIJS    EXAMPLES.  8i> 

(34.)  A  balloon  being  directly  ovor  one  of  two  towns  whose  distance  apait  was  S 
miles,  the  angle  of  depression  of  the  second  waa  oliaerved  to  bu  10'^.  Required  lh« 
height  of  the  ballooD  1 

Ana.  1'41  of  a  mile. 

(as,)  Tlie  horizontal  anglo3  were  observed  from  each  of  two  stations,  3000  feet 
apail,  by  licst  sighting  lo  the  other  station,  and  then  to  s  balloon,  and  the  angle  i>l 
elevation  at  one,  as  follows  : 

Isl  Station  [  ^'"■'  ""S'^'         ^^°  ^^'  '  2d  \  ^^°  ^'*' 

'     "■  t  Angle  of  elev,   18°         *  l 

Reqnired  the  height  and  harizontal  distance  of  the  balloon  from  the  Ursl  station. 
^^  (  Dislanee,  4905  feet. 
'  I  Heighi,    13GE  feet. 
{3G.)  Two  vessels  of  wilt  anidoiis  (o  esunonade  a  fort,  are  ao  remote  irom  it  that 
Iheir  guns  eannot  reach  it  with  effect.    In  order  to  liad  the  distance  they  move  a 
quarter  of  a  mile  apart,  then  each  vessel  obeerres  and  rtieaimrea  the  angles  which  die 
other  and  the  fort  suhtendi    the  angles  being  63°  45',  and  85°  15',  required  the  dis- 
tance between  each  vessel  and  the  fort  1 

,     I  aaga-ac     , 

Am.  {  yards. 

*  2238'05 
(37.)  Wi^ng  to  know  the  dielance  to  an  object  on  the  other  side  of  a  liver,  1 
measured  a  base  line  of  400  feet  in  a  tight  line  by  the  side  of  the  river,  and  found 
(hat  the  two  angles,  one  at  each  end  of  this  line, Subtended  by  the  other  end  and  lti« 
object,  were  GS*^  9'  and  73'^  15'.  Required  the  distance  between  each  station  and 
the  object  ? 

i  G13'3B 
{2B.)  Wanting  to  know  tlie  breadth  of  a  river,  I  mciMimed  a  bais  line  of  500  feol 
in  a  right  line  close  by  its  bank ;  the  angles  subtended  by  lines  eonnectuig  each 
oilremity  of  this  lino  and  an  object  on  the  opposite  bink,  v  era  53''  and  73°  13'. 
Reqnired  the  perpendicular  breadth  of  the  ni  or  1 

Ans    53S*48  feet. 
(39.)  Suppose  it  be  required  to'find  the  distan  e  betftun  two  headlands,  measiue 
from  each  of  them  lo  any  poml  inland,  and  suppoMng  the  diitaneos  rcspeeljvely 
lo  be  735  fset  and  840  feet,  also  the  horizontal  angle  sublendcd  between  these  two 
lines  to  be  55*^  40',  what  was  tlie  required  dislauee ' 

Ana  741-afeet. 
(30.)  Wiahuig  to  know  the  distance  belvn.t.n  a  chuich  and  to«  or,  situated  at  i 
distance  on  the  otber  aide  of  a  river,  I  meaHurtd  a  ba^e  line  alung  the  aide  where  I 
was,  of  600  feet,  and  at  each  end  of  it  took  tlie  angles  subtended  by  the  other  end 
and  the  church  and  tower  ;  at  one  end  the  angles  were  58°  30'  and  95°  20',  and  el 
the  other  end  the  angles  were  53°  30',  and  98°  45'.     Required  the  distance  ? 

,  Ans.  g59'58fiS  feet. 
(31.)  To  determine  the  intensity  and  direction  of  a  force  which,  combined  wiA 
another  force  expressed  by  198,  shall  produce  a  resultant  of  200,  which  shall  make 
an  angle  with  the  direction  of  the  given  force  of  18°  24'. 

Am.  Intensity,  88-39714.     Angle,  27°  13'  16"'6. 
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86  PLANE    TBIGONOMETRY. 

(33.)  To  determine  the  force  with  which  n  boijy  weigiiing  51G  pounds  moves  dowc 
a  plane  inclined  to  the  horizon  raider  an  angle  of  14"  10'.* 

Ans.  196'283  lbs. 
(33.)  The  angle  of  incidence  of  a  ray  of  light  falling  npon  a  sutface  being  4G<'. 
and  the  angle  of  refraelion  being  35°  11',  to  find  the  index  of  teftaclion. 

Note.— The  index  of  refraction  is  the  laiio  of  the  aina  of  the  angle  of  mci- 
daaCB  lo  the  sine  of  the  angle  of  retraction. 

Ans.  -8. 

*  The  force  down  an  inclined  plane  is  lo  the  force  of  gravity  as  the  height  of  tba 
plans  is  toils  length. 
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APPENDIX    I. 


1.  We  hare  postponed  to  this  place  (he  investigation  of  a  few  formulas  requiaila 
for  lUe  Btndy  of  Analytical  Geometry,  with  othec  matters  of  interest 

By  resuming  the  espi-esBion  for  the  tangent  (Art.  32),  and  putting  n  +  i  for  a,  ve 
have 

sin  (a  ±  6) 

But  by  Art  70 

sin  (-1  ±  6)  =  sin  «  COB  6  ±  cos  a  sin  fc     ■ 

BUbstitating  these  valuo?  the  first  equation  becomes 

,s  6  ±  sin  6  cos  a) 


lan(B±i)  = 


;eos6:FBii 


substituting  for and  ___  their  values  (Art,  39)  tan  a  and  tan  I,  the  last  eipres- 

non  bectmies 

tanfo4-i)-<"""-±^!!i^ 

tan(«±i>__— ___^  (1) 

i,  c,  the  tangent  of  the  sum  or  difference  of  two  arcs  is  equal  la  rad.  square  info 
llie  sun  or  difference  of  their  tangents  divided  by  rad.  square  minus  or  plus  the 
rectangle  of  their  tangents.^ 

*  The  mode  in  which  k'  enters  is  detiyed  from  tho  principle  of  homogeneity. 
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If  <i  repreflenl  ibe  tangent  of  a  and  a'  the  langOTit  of  n',  ihea 

Uang  the  upper  sinei  and  maldHg  1 1=  a  iu  equation  (1),  we  hars 


a.  &P.,  may  bo  found  by  making  b  auceeaaively  equal  to  2a,  3a,  & 


Prove  tan  C<i  -f  t  +   ) 

2.  The  Mne  and  coain  4 
These  two  linos  farm  tw  c 
hypolhenuee.  ' 


in  45a  = 


)B  450  = 


^/2 


3.   Tie  sine  of  J  on  arc  is  equal  In  i  the  chard  of  the 

For  let  MM  be  the  arc  ;  draw  the  diame- 
ler  Bi  perpendicular  to  the  chord  mb  of 
ihis  arc  ;  thij  perpendicular  bJEecta  the 
ehatd,  and  also  the  are  subblnded  by  it 
(Geom.  Theorem  34),  but  me  half  the 
flhord  is  llie  sine  of  Ml  half  the  arc,  suice 
MP  is  a  perpendicnlar  from  one  eilremil)' 
H  to  the  diameter  which  paseea  through 
the  other  extremity  a, 

Cerollanl.~-Tiia  chord  of  60°,  or  J  of 
iho  circumference,  which  is  the  side  of  the 
(ogular  heiagon,  is  equal  10  R  (Geom. 
Frob.  31),  hence  the  sine  of  30°  is  equal 
(0  J  R. 


»  30°  = 


v'l-ein^ 


■  The  form  employed  in  Analyticil  Gcoraetij. 
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GENERAL    FORMULAS. 
i.  Referring  lo  Art,  33,  it  will  be  observcil  that 


To  find  the  nmnerioal  value  of  the  sina,  cosiiio,  &e.  of  60O. 
sill  60°  =  cos  (90°  — 600) 


tan  60O  =  V3 
col  GOO I 

5.  Making  a  =  .15°  in  equation  (1)  of  Art.  I,  App.  ).,  ■ 


6.  Our  denioiistration  for  the  ^no  and  cosine  of  the  sum  of  two  arcs  at  Art.  TO, 
luight  seem  lo  want  generality,  since  tlie  arcs  a  and  6  are  there  supposed  to  be  less 
llian  SQO.  That  t!ie«o  area  may  extend  to  tiie  other  quadrants,  can  be  shown  M 
follows: 

Lot  fl  =  90t>  +  «i,  then  will  the  formula 

ein  (a  +  i)  =  sin  a  cob  4  +  sin  i  cos  a  (1) 

«ell  be  true,  for  substituting  90°  +  m  for  a,  we  hate  sin  (90°  -{-m  +  b)  in  tlia  plaee 
of  the  first  member,  which  is  equal  to  eos  (tit  -[-  6)f  ;  for  the  second  member  by  the 
same  substitution  wo  liave 

sin  (90°  +  m)  cos  i  -j-  sLi  6  cos  {9{P  +  m) 

•  Tan  45°  =1  cot  45°  =  K  =  1. 

t  By  referring  to  cither  of  the  diagrams  in  wliieh  a  sine  ia  drawn,  it  will  bo  svldeul 
lliat  sin  (90°  -f-  fl),  a  being  any  are  less  than  a  quadrant,  is  equal  in  length  to  Bill 
Oflo  _  o)  ^  eo^  a.     Aiao  that  cos  (90°  +  a)  =  —  cos  [91)°  — «)  =  — sin  o. 
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but  sill  (900-1- m)  =  ous  ,„  and  c09  (9U" -|-m)  =: -— sia  in,  heoee  equation  {]; 
becomea 

wiiicli,  uinoo  m  and  h  are  loss  than  90°,  we  know  to  be  tnie,  by  Art.  70 ;  hence 
(1),  from  which  it  is  derived,  is  true  also. 

AsBuming  (1)  to  be  trao  with  a  ;>  90°,  which  we  have  just  prorcd,  make  1  =  90° 
-}-Hi,  and  in  a  eiinilar  manner  Iho  trudi  of  the  formula  may  be  ostabiished  on  the 
supposition  of  both  o  and  h  "^  30^. 

Afterwards  make  a=:180o  +  m  and  observe  that  sin  (180°  +  m  + i)  =sin 
m  +  i  and  cos  (180°  +  m)  =  —  cos  m,  and  yon  will  show  that  the  formula  cstend: 
to  the  third  quadrant,  and  eo  on. 

7.  Not  having  been  sulBcienily  advanced  in  the  theory  o!  trigonometrical  linea  to 
eiplain  the  construction  of  the  tables  of  shies,  tangents,  &,c,  at  Art.  3B,  the  explana- 
tion is  here  given. 

The  diameter  of  a  circle  being  multiplied  by  ir  =  3«1415936  the  product  is  the 
length  of  its  eircuinference  ;  this  divided  by  360  gives  us  the  length  of  one  degree, 
and  this  hy  60  the  length  of  one  minute  of  tlie  circumference.  So  email  an  arc  as 
J.'  may  be  considered  as  equal  to  its  sine,  without  senBible  error.  Having  thus  found 
the  sine  of  1'  the  sines  of  other  arcs  may  be  found  by  a  formula  which  will  now  be 
deduced, 

Ta  determine  iJie  sine  of  (ii+l)  a,  in  terms  of  nn,  (ii  — 1)  a  and  a 
Br  formulae  (S)  and  (7)  of  Art.  70. 

sint6-l-«)     =    sin  J  COS  a+ sin  1,  cos  i  (a) 

^(6-B)     =     siu  icoso  — sin  oooaft  (i) 

Adding  these  two  equations  there  results 

Snblractuig  sin  (E  —  a)  from  each  member  there  remains 
Bin(i  +  «)    =    2^nicoso-sin(i  — a) 

Let  i=  n  a,  (lien  the  above  becomes 

la  the  last  expression  let  n  =  1  ;  then  n-j-  1:=2,  n  — ^1^0 


a  the  same  result  a: 


sSj  th6un-J-I=3,  n  — 
and  sin  3  a    ^    2  sin 
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Let  )i  =  3;  thea  n-|-l  =  4,  n  — 1=9; 
And  by  formula  (m) : 

Joutinuing  llie  tame  process,  we  find  auoeeesively  sm  5  a,  sin  6  a,  &c. 

To  detcnniu^  tho  cosine  of  (n  +  l)  a.  in  l^rms  o/  n  a,  (n-i)  a.  a 
Bj-  formulae  (G)  and  (8)  of  Art.  70, 

Adding  these  two  equalioiiB,  we  have 
c„s(t  +  n)  +  =oa(i-a)  =     Sooaicoaa 

Subtracting  cob  (6  ~  a)  from  each  membet  there  results 
coe(i  +  o)     =    aco3  6cos<,-eo3(fr-a) 


.Q  tlio  formula  (o)  lei  «  =     1 ;  .-.  n-f-1  =  a,  ii  — 1 
Then,      cos  a  o    =     a  ooa  o  cos  n  —  coa  0 


=     atacoasff  — Ijeosa  — 009U 

=     4CD83a— 3   coso 

(J-) 

.  =  3;  thenn4-l=4,  n  — 1=2; 

Bndco3  4<!     =    2co3  3Beo3fl— cos3h 

=     a(4coa^o  — 3coaa)  coso  — (9oo 

a'a  —  l) 

=     eoos'o-8co3»fl+l 

uming  the  eiinie  process,  we  may  find,  succesaively.  coa  5  a,  t 

■.a^  e  a,  &c. 

obserlitigthat  coal' =  v/T— sin'  1'  (An.  72);  we  have  thus  the  value  of  tt 
2'.    From  {«,) 


anj  so  on.     The  coaines  ate  calculated  in  the  aamo  manner  irom  (o)  or  from   ihs 
Bineia  by  the  formula  ^^^^^ 
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Iho  langenls  by  thtj  fotmuli  (Art.  33), 


ID  ootangsntB  by  (Alt.  34), 


It  la  manifeal  that  by  continuing  the  above  processes  the  numerical  values  of  the 
sinea  and  cosines,  &o.,  of  all  anglea  from  1'  up  to  90°  will  be  obliined. 

The  above  arithmetical  operations  are  laborious.  It  js  evident  that  an  error  in  the 
einoor  cosine  of  the  first  arcs  found  will  involve  errors  in  the  sines,  cosjnes,  &c.  of  all 
nueceeding  arcs.  Hence  the  necessity  of  some  check  on  Iho  compulation.  For  this 
jinrpose  formulas  ate  employed,  called  fomiulaa  of  •nerifieatuM. 

Sin'  a  +  cos'  o  =;  1 


a==l  Vl-f-smS  aiiV"!  — sinSo 
0  =  120  30' 


ain  13O30'=l  N/l  +  siiiaSOi  |-s/l  — Bina5° 
cos  12°  30'  =  i  Vl+^in2^  T  h  >/l— am25=' 

if  the  ealues  of  the  Bine  and  cosina  of  13°  3ft',  and  of  tiio  sine  of  35^^  obtained  by 
iha  method  previously  explained,  when  substituted  in  these  equations,  render  the  two 
niembars  identical,  the  results  are  supposed  correct. 

The  values  of  Ae  sine  and  cosine  of  30",  45°,  60°,  tc„  may  bo  used  as  formulas 

The  following  is  known  as  Euler'a  formula  of  votification,  which  we  give  without 


Bin  a  +  Bin  (36"  -  o)  +  ^  {79°  -|-  fl}  =  sin  (300  +  „)  +  sin  (72=>  ~  n) 
The  following  is  Legendre's  formula. 

cos  a  =  sin  (54°  +  o)  +  eiu  (54°  —  o)  —  eiu  {IB"  -f-  o)  —  sm  (18°  —  o) 
To  exemplify  the  latter,  make  a  ^:  13°,  then 

cosl30  =  Bin  670,+  ein  41°  —  sjn  31°  — sin  5° 
SnbBtJWtiag  for  these  their  values  from  tab.  nat.  sines 

97436  =  93050  +  65606  —  51504  —  08716 
B.  The  tiiMB,  coanee,  &.C.,  may  be  calculated  by  series. 
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7i  dttetop  tin  i  and  cos  i  in  o  series  eoniaintng'  iic  aacinding  pnvirs  of  x,  6y  lAc 
tncliaii  of  undetermined  co-efficients. 

The  series  for  sin  x  muat  vanish  when  i  =  0,  thtrefore  it  can  contain  nn  term 
independcm  of  x,  nor  can  the  even  powers  of  x  enter  into  the  seiies  ;  for  suppote, 

ein  :=   =       >.  X -!r  P  ^ ->r  c  x^  +  B  X' -\- ^- ="  + 

miHtiiuto  ( —  x)  for  x  and  llie  above  becomes 

sin  (-:.)  =  ~A  I  +  B  i=-e  i^  +  D  I'-S  :rs  -j- 
but9in(-J:)  =  — Bin:r^~.AX-Ba:»  — clr^-na:'~Ex*- 
.■.  D    =  — K,  D  =1:  —  D,  &0.,  absurd  nnlcss  b  =  0,  n  =  0,  ftn. 
.-.aax   =      AK  +  oi>+ Ei»+a»'+  {\) 

Again,  the  Esrieafor  eos  x  must  ^  I  when  z  =  0,  its  jitst  term  must  b«  i  [  aod  is 
can  contain  no  uneven  powers  of  i,  for  snppoae 

ai^ao3(—x)^l  —  t.x-\-Ex—f:ifl-\-DXf  — 

bBtC08(-a.)=COSI 

V  i  =  —  A.  0  =  --  C,  .-.  A  =  0,  C  =0 

.■.COai=l  +  BI=+D«^+  (S) 

Adding  Hn4  subtracting  (I)  and  (2) 

cos  a  +  sm  a  ::=  H-  A  I  +  B  I'  +  c  3*  +  D  I*  +  E  tB  +  (3) 

OOfli  — Bini=l  — Aa:  +  Bi=  — ci3  +  ci<  — Ej:5+  (4) 

In  equation  (3)  Bubalituling  x  -{-  k  for  i,  it  becomes 

cog(xH-«  +  sLi(i  +  ;0  =  l  +  A(4;  +  i)"+E{i+/>)=  +  e(i  +  a)'H-    (5) 
bol  cos  (i  +  ft)  +  Bin  (I  +  /i)  =  cos  i  cos  A  —  siu  i  an  1  +  sin  a  cos  i  +  eos  a:  sin  A 
=  cos  ft  (cos  3;  +  sin  a:)  +  sin  A  (cos  *  —  sin  i) 

=   (l+BA!+DAi+)       ([  +  AI  +  BI=  +  0l3-i-) 
+    (Afi+<:A'+Eft>+){l-A>:4-BX=~Cl3-f) 

=  1  +  ai+ej:=  +  ox=        +") 

A'ift+A 

(6> 


bmparirg  (5)  and  (G)  « 


H-AI+B=^'+«^  +1  l  +  '^^-i-"''        +C^  +1 

-(-Aft  +  2Exft+3El-^ft     H-      I  +aA— AAlft+  ABJ:'!  — 

+  .,..+!  +..  -J 

Htd  equating  iha  coelHcients  of  the  terms  containing  the  same  powetn  of  s  h. 


Hosieanv  Google 


T 

i-a-a 

:-.c 

,  =  - 

'T 

=  + 

i-a-a-^ 

.. 

■  = 

T 

=  + 

i-a-3-i-5 

1^2^^'  + 

i*a'3"^ 

4-5' 

■'~1 

■^^g^-.wi^w 

A' 

"i^ 

W  ■ 

.-- 

AC    ■ 

-  m"  + 

i-y'3-4'a'G^ 

,l„,h„.,. 

3  0f  «, 

Foi 

„„..w.h= 

=  "-ll 

r3^'+ 

1^5- 

.._ 

"-(■- 

I&^' 

+  j 

^a^ 

..-) 

■  'i-;^-  +   1.3.3.4  —  i.a.3.4-5-6  "^  *' 


Now,  the  length  of  an  arc  of  one  degree  ia  so  small  that  if  a  be  equal  to  this,  tha 
tiiird  term  of  the  above  series  will  contain  no  BigniEcoiit  figure  in  the  fiist  ten  planet 
of  decitnals. 

Rotimiing  tliercfoic  only  the  first  two  terms  of  (1)  we  have,  when  x  is  omail, 

that  is,  the  quantity  within  the  brackets  being  =  cos  x,  by  (S) 

therefore  inlroilucing  radius  to  render  the  expression  homogeneous,  wa  have 

Jog.  sin  ar  =  log,  3: -4  (10  — log,  003  i)  (3) 

Suppose  the  arc  E  to  contain  n  seconds,  then 

180  X  CO  X60 
•  Dividing  (Ij  by  (2)  ive  have  tan  3-=:s  + S  1=  ■  . 
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SMALL    AJlca.  £*.■) 

utioduclng  radius  and  applying  logariUims 

Jog,  X  =  log.  n  +  log.  3-14159,  &e.  -\-  lfl  —  ]og7mx^ 
=  log.  ii  + 4-68558; 

etihstituling  this  value  of  log.  x  in  (3)  it  becomes 

log.  ein  3;  =  Iog.  n  4-  4-68558   — i  ar.  comp.  log.  uos  x.  (4) 

Henoo  tliia  rule.  To  the  logarithm  of  Ihe  are  reduceiJ  into  neeonde  adci  tlie  con- 
stant 4*68558,  and  from  tlia  sum  sublraet  oiio-lhitd  of  tho  arithmetical  complomenl 
of  the  log.  oosina  ;  tha  remainder  will  bo  tlie  logiirithmiu  sino  of  tho  given  are. 

9.  !b  ^nd  the  logaritlniiic  tangent  of  a  very  small  arf. 

By  the  last  article 


The  second  member  of  this  equation  may  be  formed  &'om  tho  second  member  ol 
(3)  in  the  last  nrliole,  by  adding  the  aiithmetioal  comiiiemenl  of  the  log.  cob  1 ; 
tlicreforo  fiom  (4) 


jnca  this  rnla.     Add  the  logarithm  of  ihe  ai 

■c  reduced 

to  eeeonds,  the 

■68558.  and   two-lhirda  of  the  arithmclioal 

complemeni 

;  of  ths  log.  00 

im  is  the  log,  tangent  required. 

10.   To  find  a  small  arc  jrom  its  log.  sine. 

From  (4)  Alt,  8,  Appendix  I., 

log.  n  =  log.  sin  x —  4"68558  +  i  arilh.  comp.  ]og.  cos  x 

=  log.  sin  374.5-31443+ J  DQlhcomp,  log.  cos  j:~  10 

Henco  the  rule  is  this.  Add  tho  log,  aino  of  Iho  arc,  tha  constant  5-3144a,  and 
}  of  tho  arithmetical  complement  of  the  log.  cosine  ;  subtract  1(1  from  the  iiides  of 
the  snm,  and  the  remainder  will  be  the  logarithm  of  tho  nimibor  of  seconds  in  Ihe 

To  find  a  small  arc  from  its  log.  tangent. 
From  (5)  last  art. 

log,  n  =  log,  lani  — 4-68558— 3  arith.  eomp,  log,  cos  z 

=  log,  Ian  1  +  5-31442  —  3  aritli.  comp,  log,  cos  I  — 10  J 

E01.E. — Add  the  log.  tangent  of  ihe  arc,  the  constant  5-31443,  and  subtract  ]  of 
ihe  arithmetical  complement  of  the  log,  cosine,  rojoet  10  fram  tlic  index,  and  iIl 
leeult  will  be  the  logarithm  of  the  arc  in  seconds, 

•  If  we  Bobsiitute  for  cos  x  in  the  last  fraction  its  value  — —       —  we  may 
%/l  +  tau'il 
easily  deduce  x=;lan  x —  i  tan^  x,  &c. 
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II.  Thevalueaofo,  whiclisatisfyUioe'|ualionsma  =  Oa!oO,  ±<,»±3ff,  ±3* 
-.--±«« 

Consequently  the  series  wliieli  is  llie  development  of  an  a  must  be  divisible  by  a, 
«_T,a  +  if.ci  — 9r,a+2i.  ...     (Als- Art.  238,  Frop.  II,) 

If  tlieretiire  i  be  a  constont  whose  value  ia  afterwards  tu  be  detennioed,  wa  hsra 

6ina  =  ±io(x~ff)t.r  +  n)(2.r-a)  (%  +  a)... 


=  ±i«rr'-a=^~*.3 

=  ,r=,,<l- 

""''     '^ 

-w' 

i!!Lf-=±  i  T'-a^  ir-*3s 

«'..(!- 

"^"'     *^ 

-^> 

If, 

a=0,™.^  =  l   .■.   1  = 

:  ±  i  i-.a5 

^'•3=»'. 

.■.Bin  a~a{l—'-J 

"-a". 

j)  a- 

-^'' 

Im 

1  similar  niflnnor  may  iie 

derived 

...„(,-?i^, 

'-K 

!)  {1- 

-K'- 

If  1 

.  =  i«,  (I)  becomes 

^"^9  '^~a 

=>    ('-^=>    (^-, 

r^  <■- 

2l>--- 

-    9!— 1 

^9  ^-^r- 

4!—!       ( 

45 

12—1    e 

;!_1 

_•>   (3-1)  (a+i)    (4- 

2               ^ 

-1)   (4+1)       (G. 
4' 

-1)(G+1) 
6" 

1-3     3-5 

6'       B" 
5.7  *  7-9  ■ 

... 

Api 

ilying  fogarillima  to  (1) 

wc  have. 

making 

a  =  ™^ 

-HoB,{,_jJ?L)+... 


•  T  being  180",  or  the  Beini-eircamferciice  whose  radius 
t  This  is  the  theorem  of  Wailis  for  determining  s.    Its 
mBl«  each  mote  and  more  to  1. 
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Developing  log.   (l  —  — — j.)  log.  (l—     '--)  &c.  Alg.  Art.  224. 

But, 

ADd 

lo&  -■ ^iTT™  ^'''a  I  (2ii+  m)  {9n  — wi)  — 105-  2'  n' 

=  log,  (3«  4-  m)  +  log.  (a.,  —  m)  —  2  (log.  9  +  tog.  «) 
.-.  log.  E^n  ~l-  =  'og-  n»  -h  log-  (3"  +  '«)  +  lo?,  (a«  —  "0  +  log  y 
-3  (log,  7,  + log.  9.) 

>.  4'  T^    (j'   ^    8^  /    n' 


u 


■'-'(^  +  oi+i 


The  above  forni  eervea 

(0  comiJutc  a 

ogorithmic  .^ino  a 

once 

witiiout  tiist 

puting  the  natural  sine,  t 

From  (2)  in  a  fimilar 

nanner  may  be 

derived  Iho  follow 

ing  for 

niula  for  ealcu 

')Z 


log.  00a    (^-y)  ==log.  («■)-.«) -[-log.  (n~m)-i!loy. 


IB  tlio  modulus  of  the  system,  equal  for  tb 
»  vrliat  frsclioD  of  a  i!Uiiilra.Qt  the 
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13.  Adding  and  aublracling  (3)  and  (7)  of  Ail.  TO,    and  adding  and  subtracting 
(€)  und  (8}  of  ihs  samo  article,  the  following  formulaa  aw  obtained. 

The  following  two  are  identical  equationa 

«  +  i  —I 


a  +  b       a  — 6       .   fl  +  i  . 


Adding  togetliot  (i)  and  (ii)  tltere  resulta 
Subtracting  (S)  from  (1), 

— — ^- 

Add  together  (3)  and  (4), 

.o.o  +  eo.»-!!eo.l±ieo. 


Hosieanv  Google 


These  formulas  might  have  been 
changing:  a-^b  into  a,  a  —  h  into  b, , 


em  (90O  +  „) 

= 

«03f900  +  a) 

v= 

tan  (91)°  +  =) 

:^ 

«ot  (90O  +  a) 

= 

see  (90°  +  a) 

= 

co.o«(9P'=  +  « 

= 

ain(180O_a) 

,■= 

eo8{180o-o) 

= 

lan(180°~o) 

:= 

cot(180°~ff) 

= 

««(180O-«) 

= 

eoseo(180O— fl 

= 

ain  180° 

= 

eoBlSOo 

= 

tan  I80O 

= 

cot  130° 

— 

sec  180° 

= 

coeeo  180° 

= 

»  AH  the  infini 

esi 

ediatoly  dodaeed  from  tiie  group   (a),  Ijf 

,4-'.,«^ 

b 

f  espresaing  tha  principles  deduced  from 

sin  (laoo  +  a) 

=  — Bina 

cos  (130°  +  a) 

=  —  cos  a 

lan  (180°  +  a) 

=  lana 

eot(180°+B) 

=  cota 

see  (180°  + a) 

=  — seca 

oosec{180°+B)  =  -eo8eoB 

Bin  (S70O  — a) 

=  — eoao 

eoa(a70°-=) 

=  — ano 

tan  (970°  — o) 

=  cota 

cot  (370°  — a) 

=.tana 

sec  (270°  — o) 

=  —  cosec  a 

«oseo(a700— o 

Bin  370° 

=  —  1 

coa270a 

:aO 

tan  2700 

=  — m 

cot  970° 

=  0 

EecS70° 

~—a> 

co^ce  a70° 

=  — i 

aEa  (2700  +  „) 

=i  —  COS  a 

C0a(270O+fl) 

=  sina 

lan(a70°  +  «) 

=  —  cot  a 

eot(270°+«) 

=  —  tan  a 

Eec(970O  +  a) 

=  cose<!a 

eosee  (370o+« 

=  —  BOO  0 

eiQ  (360o_a) 

=  — sino 

COB  (3G0O  _  „j 

:.-=  COB  a 

tail  (3600  — „) 

=  —tan  a 

eol  (360°  -  B) 

=  — coto 

see  (360°  _  a) 

=  seofl 

o<>see(3600-«) 

=  —  eoaeo  a 

sin  360= 

=  0 

COS  360° 

=  1 

lan  360° 

=  0 

the  above  labia  should  perhaps  atrictly  have  tlia  doublfiil  si 
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f!raa=       Bin  j  (an  + 1)  180°  — a  | 

Bi[,o  =  — sill  (Un- 160°  — fl) 

BOB  a  -       cos  (an'1800  +  «)  Qt  -  eos  j  (2n  +  1)  180O  -  a  [ 

or  — =oa  j  (3n  H- 1)  180°  H- a  !  or  cos  (a«-180o— o) 

lan  a       ==  tan  (Sn-ISOo  +  o)  or  -  tan  j  {3n  +  1>  ISQO  -  a  J 

ot  lan  j  (an  4-  1)  180"  +  a  |  or  -  Wn  (3n.l80o  ~  a) 

see  a.       =  sec  (an'lSO"  +  a)  or  -  boo   j  (Sn  +  1)  180°  —  a  j 

or—  soo  I  (3n  +  1)  180°  +  al  or  sec  (2n-I80o  ~  a) 

14.  Tho  fultowing  are  Ihe  most  Hseful  general  relations  of  arcs  or  anglea  dediiooil 
la  the  preceding  pages,  or  dedudble  from  t!ic  formulns  wUch  they  contain. 


<1.)  Bin  {o  ±  t)  —  ein  o  003  &  ±  sin  6  cos  a 
(3.)  cos  {a  :t  t)  =  eosa  cos  t  i^i  sin  «  sn  6 
a  ±  tan  6 


(3.)  t; 

sn  (a  ±  !') 

~     HFlmiffllani 

14.)« 

inSa 

-,-    2  Bin  a  cos  a  also  -   ^ '''"  " 

3ecta    _aVeoEeo'a-l 

1  +  l...  . 

eosec^  a  —  2 


1  — 2  {2  vers  a  — vetfl!  t 
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cmn.iL  i-oKJioLAs. 

;it.) 

"'         -s™|,..J 

(11.) 

n"  "          =  ~2  (cosSo-  1)  (See  Art.  J8,  App.  I.) 

(12.;. 

.__j-i(m3._.)in.) 

(13.) 

1                                         4-3 

...          — ^.(„.4.-4™!.  +  !j;j) 

(14.) 

1                                             5-4 

a) 

(li.) 

1                           e-5 

sSa-    i 

(It.) 

oj"  n          =2  ^"^^  ^^  +  '' 

(17.) 

os'o           .-       ^(C03  3a  +  3o,oao) 

(18.) 

03' «          ^     2-(co3  4«  +  4c03a<H-i^J 

(19.) 

1                                         5-4 

3BO) 

(SO.) 

1                                        6-5 
oa=  a           =2^  <=™  Cfl  +  6  cos  4u  +  j^  c 

,=.+. 

(SI.) 

nnjn  +  lja  =  9  si-i  no  cos  o  — sin  {n  — 1)  <. 

(SS.) 

os(n  +  l)o  =3cosnaco8fl-C03Cn-l)a 

(28.)^^^^Ji^  =  lai.i(c-±t) 

(29,)''"°=*^'^"''-«'"i(''Tt) 

(30.)  ein  (a  +  6)  +  Bid  (a  —  i)  =  2  «ii 

a  cos  6 

(31.)  an(n  — i)  — sm(o  — i)   =  2  sin 

heosa 

(32.)  eo3(a+i)  +  ioa(a-6)  =  2  co 

a  cosh 

(33.)  O09(a  +  4)~C03(B  — 6)  =  —3 

sin  a  sin  b 

(34.)3oo.  .^:=^a    ,3-A?&c-to 

n  +  1  radicala 
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(36.)  003  36°  =  8iu  54°  =  1.   (1  +  V5) 


(36.) 
(XI.) 


It  45°  =  1 
^3 


(40.)  tan  30°  =   col  60°  =  -^ 

(41.)  cotSOo  =  tane0<'  =  ./3 

The  formulaB  of  Trigonometiy  may  be  varied  to  alraoat  any  Extent,  and  tlie  aam« 
quirtily  eiprcaaBd  in  many  different  ways. 

15.  Tbe  foUowiog,  of  less  frequent  occurrence,  may  be  readily  deduced  from  iba 

(7)    j-t«o±.)|      =    «osa±.h,« 
^         t<!0a{45OT«   '■    =  ^2- 

(43.)  tan  (450  ±  „)  =     I^l^l 


tan  (45°  ±  g) 
8in(o  +  t) 

Bln(o  — 6) 
(cos.  +  t) 

(«.)  c 


(SO.)        aV—  I  =     coa  o  +  ^/  — 


(Si.)  ^-w 

C59.)  ^^~: 

(ia.)  lau  0  + 


o-v'- 


,ln(.  +  i) 

.!■(.+  « 
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IKEttAI.  FOr.MULAf 


(55.)  ■ 

taaa-Uab 

—       cosaeosi 

(56.) 

cot  a  -  col  i 
COS  a  +  sin  fl 

sin(a-i) 

(57.) 

.     =       ■/l+siii3  , 

(58.) 

cos  B  — ana 

'     =       ^/l-si)l2 

a 

If  fl 

be  less  tlian  4 

:50  then 

(59.) 

-i    {Vl  +  «mS 

~«+VT— 

.to2-a[ 

(eo.) 

=  S  .iVl+aina, 

,  _.  y  1  _i 

riS^aJ 

;G1.) 

tan  a+ 1^1 

i        sin  (a  +  i) 
i  -Bin  (a  — 6) 

Ifln  a  —  tan  1 

(62.)  \ 

)os  a  +  eia  ( 

-=eE<i3tt  +  taii2. 

ioaa—Bma 

(63.)  . 

,m(a  +  6)si 

n{B--6)     =sin'a. 

---Eia'6:=:e< 

,9!j_„oa'ff 

(64.). 

.oa(a  +  i)cc 

•B(a  — i)     =coa=«. 

—  sin' 6  =  0. 

.s»i  —  «n'fl 

(65.)  > 

«n3H 

=  3  sin  6 

1  —  4  sin' a 

(6e,)  , 
(67.)  . 

20a3<. 
DOS  2  a 

1 

a— 3co9a 

i  +  Uu2«lan, 

(68.) 

,^=a_U.n- 

sin  {a  +  i)  si 

n(a-6) 

*~             oos^a.o 

E''i 

(S9.). 

cot^a  —  oot' 

sin  (a  +  i)  9i 

a(a-i) 

6 -r^,-- 

(70.)  ■ 

I  +  COS  a  — 

(71.) 

ana 
1  +  003  a- 

U«ia 

(72.) 

1  +  ooaa 

;COt  i« 

(73.): 

Eina 
1  — eoa  o"- 

OOtia 

(74.)  ■ 

[— eoa  a 

mi. 

(75.)  > 

.ina=«_- 

•a.3"''i-a-3'4'5 

a' 

J+&C. 

l-a-3-4'5*6-' 

(76-). 

1.9    +   l-2'3'4 

a» 

+  &C. 

l-a'3'4'5-C 

(7T.)i 

.™a=a  +  ^ 

'"+J'"+s'"-'-^<^' 

(73.) 

.  =  aroC^  = 

=!,)orei,r\*  =  S 

+  e9^  +  40-S*+&o. 

(79.)  . 

z     ^co.  "' 

■.=  0-.>  +  ^-(l 

-.)  +  ! 

(l_:.5)4.&c. 

(80.)  e     =tan       (  =  (  —  5- (s  +  7-  (' &c. 
15.  The  following  will  ba  fonnd  a  useful  table  of  refarenco. 
•  Arc  (sin  =  y)  or  sin      y  are  read  the  arc  whoso  sin  ia  y. 
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■/ 

+  e 

ot!  e 

^/ 

+  1 

»'« 

9  si 

-  fl 

^  2 

^l 

-co 

Sa 

a 

2U 

a 

I+t.n 

1 

2 

J3 


1  +  Un'  [45° 

-i> 

i>(«°+^)-W 

[450 -|) 

14. 

u,,4S=+i)+!= 

(«°-|) 

15, 

am(GOo+«>-.. 

[1(60° -B) 

■  v/T+;^ 


v/i±i=5 


6ia(450+3)+cot(15=+ 
a  COS  (450  + 1)  COS  (450^1 
30.  fof  ((KI°+o)+co»(GO°-u) 


v^^ST-' 


39.   coto  — a  cot  So 
1  — co3Sa 


43,  isn  1450+^1 -lan  (45°-- 
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GENERAL   FORMULAS.  105 

16.   To  develop  A'  in  a  aeries  of  terms  arranged  aceordiag  to   the    ascending 
tmoeri  o/  x. 

o'  =  j  1  -}-  (a  —  J)  J      =  hy  llie  biaomial  tlieorem 

.   ,  +  ,<.^„  +  ,-^,._„.  +  .a:^   trJl.   (,_,>.  +  ... 

Repreaenting  tlie  coGfileient  of  x,  which  is  (n  —  1)  —  J  (b  —  1)-  +  §  ("  —  1)' .  . . 
hf  i,  ihoso  of  K',  t'  .  .  .  by  li,  e,  &,c.  ihe  above  becomes 

„'^l+U,+  B-+C,>+...  (1) 

.■..._l  +  „  +  ,i.  +  a.  +  ... 
.-.  b"''"'-(1  +  a^+i'^"...)    (I  +  Ai+Ei^,..)  =byC  I)  !+*(:=  +  «) 

+  B  (!+.)■+... 
Eqnating  tha  cocBicienIa  of  is,  k's,  a's,  A.C, 


But  hy  Afg.  An.  aaa,  a  =  Nap.  logarithm  of  a.     De;iotiiig  a  Napierian  log.  by  I 
(1)  becomea 

Making  a  ■=-- 1  the  base  of  iho  Napictian  ayslcra  thia  becomes 


I--.oni  the  above  mi 

ly  bo  deduced  remarkabio  exptessiona  for  llie  aine,  cosi 

laiigeot  of  ail  nrc. 

From  (3) 

__.^=r 

„,+.s/-=^-5^ji;^v^+.j^ 

—  v- 

1-2  ^  j-a-a             i-a-a- 

.^--^r 

-.v;^ 

■    6                       +£ 

—  9(1       "'   -j-  .    "'            .  .  .)  —  2  Co 

'     1-a  ^  i-a-3-4         ' 

(App,  I.  Art.  8.) 

W^i 

-•V^^i         .                  _ 
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106  APPENDIX    I. 

.■.„..~if.'-^'=^+,  —  '^~,  « 

"V  —  t 

Dividing  (5)  and  (-1)  and  mulliplying  nnmeralor  and  denominator  by  s 
wa  bave 

17.  Squaring  the  expression 

m.  +  .b.v'^r  (1) 

there  results 

cos*  o  —  an'  a  +  a  cos  «  sin  n  ■/-—I   =  eos  2fl  +  sin  Sfl  %/  —  1  |  Att.  71,  (1)  (2)  i 
Multiplying  by  (1)  we  get,  applying  tlie  ibrnia  for  sin  and  eos  ol'  (a  +  b) 

(eos  0  +  sin  a  v/^T}'  =  cos  3  a  +  sin  3  o  •/ZiT 
Finally,  proeeeding  in  the  same  way  would  be  obtained 

Making  a  negative  (2)  becomes 

(oos  a  —  sin  a  V  —  l}"  ~  C09  na  —  sin  lifl  V  — 1  (3) 

18.  lb  ^)id  f7ie  II'*  pnwer  of  thr.  sine  and  cosine. 
Assume 

.0..:.,.../"=.  <" 

By  addition, 


But  2  u  ^  1  .-.  2'  11=  :=  1  &c.  -■.  these  factors  will  disappear. 
AIho  by  the  preceding  article,  form.  (9) 
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("-'!) 

+  - 

(tt-1)  (n 

-3) 

1  .  a  . 

3 

0) 

(«-4) 

+  " 

n-l)(« 

=f) 

1  •  2  • 

3 

:EN!!EAL    formulas. 


When  n  is  a  positive  wliole  number,  the  second  part  of  llie  eeries  vanishes,  and 
the  first  pact  exlonda  only  aa  far  aa  a  Itrm  coataiiiing  the  factor  (n  — n).  The 
nutson  why  the  eecond  part  vauiahea  will  be  seen  by  oodBidcring  that  the  arcs  in  the 
lernia  preceding  that  which  with  the  following  terms  contains  u — n  will  be  negalivea  ot 
ihe  firat,  second,  &e.  terms  ;  their  anes  will  be  eqaal  therefore  with  contrary  sigoB, 
and  the  coellioionts  are  also  evidently  Equal  at  equal  diataneea  from  the  ceutre,  and 
if  n  ba  even,  the  ate  in  the  middle  term,  and  eonaequontly  its  sine,  will  be  zero. 

Again,  take  thedifibrenceof  eiiuatlon3(l)  andmnltiply  it  by-y'— i 

asina=(!— «)(-^/;:^^ 

and  the  binominal  formula  proeecding  as  above  gives 

■cos«a~neo3(n-2)B  +  ^i^)co.{«-4)a ] 


(-V-ir  (3) 

If  n  be  even  the  second  pan  of  tlia  aoriea  vanishes.    If  also  n  ba  of  the  form  4ni, 
(— y/— 1)"  =  1.    Bui  if  II  =  4i»  +  a,  then  l^—y'^)"  =  —  1,  and  our  formula 


The  upper  sign  applying  when  n  =  4m,  the  lower  when  n  =  4m  +  2 
If  n  be  an  odd  nuu^r,  the  fir^t  part  of  (3)  vanishes,  and  the  foimula  b 
^ — 1  ODtsida  and  inside  the  parenthesis  uniting, 


tlie  upper  ^gn  of  which  is  to  be  uacd  when  n  =  4m  -{- 1  and  the  lower  sign  when 
n  =  4m  +  3. 

Por  eiaraplea  of  the  applications  of  these  forms  see  page  lUl. 


19,  To  determine  the  area  of  a  plane  triangle  when  any  three  parts  except  tl 
three  angles  are  given. 

1.  Let  two  sides,  a,  c,  and  the  included  angle  b  be  given.     (See  Hg.  Art.  GT.) 
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Tbe  area  of  tlia  tdangle  ia  cxprossed  by  J  bc.ai)  ;  but  a 
expieauon  for  the  area,  in  lerma  of  the  given  qoautilies,  is, 


2.  Jjet  two  anglas,  u,  a,  nnd  the  inlerjacent  Eide  c,  be  givan 
Then,  since 


hence  the  expres^on  for  the  area  is  by  (i) 

3.  Lat  the  thteo  siilis  be  given. 
By  An.  73,  (a) 

""'"-V ii 

Also,  by  (■4)  of  the  eame  article 


i.  =  ^i^teii> 


Coneequeiitly,  by  Bubatimling  this  value  of  sin  b  in  (1}  we  iiayo 


.re.=»/l.a.-i»   «•-')   (4. -I) 

which  formula  famishes  the  well  known  rule,  given  in  all  books  on  i; 
w  en  the  three  odea  are  given. 
Th  3!  he  area  of  a  plane  trianglu  ore  all   adapied  to  jBgarithmle 

0  certain  astronomical  problems  involving  the  caaa  of  bo!"- 

\   .   76,  the  logarithma  of  a   and  i  are   given,  bat  nol  [(lu 

aides         36   es  n  very  easily  oalc«late  --^ —  without  Itnowing  the  sidea 


s    -1  +  un,  ""a 
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TKACTICAL    PKOBLEMS, 

=  tan  (45°  —  f)  cot  =, 

log,  tan  (453  —  ^)  +  log.  cot  _  —  log 


The  angle  0  is  known  Iraai 


lan^  = 


Whence  log.  Ian  f  ~  log.  n  +  log.  6  —  iog.  a 

Tha  angle  "^       °  thus  become?  kaonn  from  ihe  log.i.  of  o  and  b,  williout  ealcH' 
i»!ingn  and  b.     In  llie  Eame  ivay  wo  may  iiai'u 

col  *-Zl^  =  tan  (45°  +  f)  tan  ^ 


4ad  .-.  log.  eol  Jl — 


r.  log.  liin    (45     +  (,)  4 


"i  A  per'Jon  on  one  In  ol  a  river 
ob-e  vns  a  bu  Id  ng  cd  o  1  0  oppoaila 
dc  a  d  lakes  th  dngle  of  leralion 
B  =  550  54  at  the  pla  e  vlieie  lio 
lands  then  go  ng  bsck  t  a  distance 
EA  :=  100  feeti  tie  again  tako9  ihe  sngla 
of  clevalion  a,  and  linds  it  lo  be  a  r= 

1        33°  20'.    The  height  of  the  building  b 

A       '  ''  ■"  ■"       required. 

The  problem  may  be  solved  as  followa. 

Taking  cd  for  rodins,  bd  will  be  the  tangent  of  the  angle  ccb,  and  ds,  the  langenS 
sf  DCA,  ihorcfore,  ab  is  the  diffiircnce  of  those  langcnts.     By  the  table  of  natural  ainfa 


lau  56"  40'  =  1-520425 
lan  34°  G'    =:    -GTTOSl 
diflerenee  =    •SWaaS 
1335:  1  ::  100  :  118-57  Ans, 


From  the  top  of  a  mountain  throe  miles  iiigh,  the  angle  of  depression  of  a  lin« 
Ungeni  to  iho  oarth's  sarfaco  is  taken,  and  found  to  be  2<>  13'  37"  ;  II  ia  required 
tbence  to  delermine  the  diameter  of  the  eailh,  supposing  it   to   be    a    perfect 


*  A  table  of  natural  tangents  whicli  soma  lollcctions  of  lablca  c 
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Let  0  be  the  eonlre  of  the  earlh,  bs  the  mountain, 
K  the  viiiia!  tay  or  line  touthina  the  earth's  Biir- 
laee  at  c  Draw  the  tangent  bd,  and  join  OTf,  oe  ^ 
then  the  anglf  nf  depie-isioii  esc  being  given,  ml 
havH  also  the  anjile  gad,  the  complement  of  it, 
equal  to  87°  46'  33"  Also  einca  tho  tangenli 
ID,  CD,  are  equal  (Geom  p  83),  we  have  the  angle 
nno  =  DOC  =  J  comp  A  =  1^  6'  43J",  and,  tKiu- 
foro,  BDO  =  88°  53'  IGJ". 

Now  in  the  right-angled  triangle  abd  wc  have 


)B=^  MS  tan  A  iaii  bi 


5,  ihereforfi,  as  followf 


87°  4G'  33"  log.  t 
88°  53' 16^"  log.  t 
3979-1.^  log. 


honce  the  liiameter  is  7958-3  m 


Given  the  distances  between  three  object'"  i  a  • 
these  distances  at  a  point  □  n  the  •^amcpUic  wjth  tl 
of  D  from  eaeh  object. 

Let  a  circle  be  d'iscrihei   about    the  tr  angle 

BAE,  be  respectively  equal  Id  the  g  van  angles  ade 
BDE  (Geom.  p.  44)^"  thus  all  ll  e  a  glea  of  tl  c 
Iriangle  aeb  are  knowD,  aa  also  the  side  ab  ;  wu 
may  find,  therefore,  the  remaining  sides  ae,  eb. 
Again,  tho  sides  of  the  triangle  abc  being  known, 
we  may  find  tho  angle  bao  ;  hence  the  angle 
CAE  bccomoB  known,  so  that  in  the  triangle  cae 
we  shall  have  the  two  sides  ae,  ac,  and  the 
inoludod  angle  ^ven,  from  which  we  may  find 
the  angle  aec  in  fig.  1,  or  tho  angle  ace  in  fig,  2, 


and  the   angles  subtended  by 
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lii 


and  Ihenoe  il3  supplamenl  iED  or  acd  ;  llvia  with 
Iho  given  ado  ae  and  angle  ade,  in  the  first  figura, 
or  Willi  llio  givBQ  side  ac,  and  angle  aoc  in  ths 
Gecond,  will  enable  iis  to  find  ad,  one  of  the 
taquirod  linea,  and  thence  do  and  ub  the  othet 

Or  the  Bolulioii  may  bn  eonducted  more  analj- 
tieally  as  follows; 

Put  X  for  Ihe  angla  nAf,  onii  x'  for  the  angln 
DBC  ;  also  call  the  given  angles  adc,  edc  a  and 
a'  then   B,  6,  c,  representing    an  UiVJul  the  sidf* 


This  is  one  equation  between  the  unknown  qaantities  x,  x'.  Another  is  eaailr 
obtained;  for  Mnce  the  four  angles  of  the  quadrilateral  adcb  make  up  four  right  angles 
or  3600,  we  have  j  -J-  e'  +  a  +  a'  +  Acn  +  bco  =  360"  ;  Uie  aum  of  the  two  lat- 
ter angles  may  become  known,  since  in  the  Iriangle  abc  the  angle  c  is  delBtmmable 
from  the  three  given  sides  ;  therefore  ail  the  terms  in  the  first  member  of  this  equa- 
tion are  known  eiccjit  x  and  x'.  Call  the  sum  of  the  known  quantities  0,  and 
we  Bball  tlins  have  x' =  fi — x,  and,  conaequenlly  by  substicutioo,  eqoation  (S) 
becomes 


The  first  term  of  this  second  member  may  bo  easily  calculated  by  logarithms,  an 
Iliis  added  to  tiie  natural  cotangent  of  0  gives  the  nat.  cot.  of  i,  and  thence  x' 
known  from  the  equation  »'  =  j?  —  x,  and  cd  from  either  of  the  equations  (1). 

This  problem  has  a  useful  application  in  the  survey  of  harbors. 

Let  the  angles  be  taken  witli  a  sextant,  from  a  boat,  at  a  point  where  a  sounjin 
is  made,  to  three  stations  on  the  shore.  Alter  having  drawn  upon  a  map  the  Ir 
angle,  of  which  these  three  alationa  are  the  vertices,  the  following  simple  and  elegai 
eonalmction  will  determine  the  point  where  the  sounding  was  made. 

Upon  the  line  joining  two  of  the  stations,  on  the  map,  make  a  segment,  capable! 
coDtaining  the  angle  obaerved  from  the  place  of  sounding,  and  subtended  by  th 
line  (Plane  Goom,,Prob.  91) ;  upon  a  Imo  joining  one  of  these  two  Etatlona  and  tl 
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Ihird,  mate  another  sag nient  lliat  will  cartiiin  tlie  nnglo  observed  to  be  eobtcnded 
by  lliis  last  line,  and  the  inlBiseotioii  of  the  arcs  of  those  two  Bsgnienla  ■wiil  deter- 
I  timt  at  wliich  the  soanding  waa  made. 


loiitaUlraightline,  togetiier  with  the  dislaneea  betwi 
height  of  tho  object  and  ita  distaiiea  fiom  either  station 

Let  AB  be  the  ol^'ect,  and  o,  c',  e'',  tha  three 
stalioiia,  than  the  ttiangloa  bca,  ec'a,  bc"a,  wili  all 
be  light  angied  at  i. ;  and,  Iheretbre,  lo  radius  s\, 
AC,  AC',  Ac",  will  be  the  tangents  of  the  angles  at 
B,  or  tho  eotangenls  of  iho  angles  of  elevation  ; 
hcnee,  putting  o,  a',  a",  for  the  angles  of  elevjiion, 
X  for  tho  height  of  the  object,  and  a,  h,  for  tliu  dij- 
ianeo3CG',o'c",  we  shall  have 

Now,  if  a  peipandieular  AF  bo  drawn  from  a  tn 
ct",  we  shall  have  (Geom.,  p.  34,)  from  Ihe  triangle 


and  from  the  triangle  ac'o" 

„».-„■■  + o'V.  +  a  c'V.  A  i 
tiiat  is,  we  ehall  iiave  the  tiva  equations 

1^1,01'  a"  =  X'  cot'  «'  +  i"  -h  ai  ,  c'r 

la  order  (o  eliminate  c'p,  iiiulliiily  the  first  by  6,  the  second  by  a,  and  add,  i 
shall  have 

ars  (tcot'a-f  n  cot' a")  ^=  (a -].•  i)  xJ  cot' a' -!■  nS  (a  +  t) 
y  ab{a+h) 

■  ■  """    V     1  col'  -.+  a  cot^  a"~-{a  +  b)  cot'.' 
If  the  three  stations  are  eqitidialaiil,  then  a~  b,  and  ihe  esprcHfion  becomis 


Tlie  height  s.  a  being  thus  determined,  the  distances  of  the  Jtalions  froiri  the  ohj« 
are  found  t)j  rnultiijlyiiig  this  height  by  tho  Botansenls  of  the  angles  of  elevation, 
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23  Givea  Ihe  riypollipnuse  a  =:  r.519-4  yatds,  i=:  65in-G,  to  Hod  c 
By  Art.  S4 

log.  COM  0=:     log.  K  +  log.  t —  lllg.  « 
Now  l0g.K=    10 

log.  6=   3'8136210 

13'8136310 

log.(i=   3'8137411 

lo;,  toac—   !(.999e799 

c=    l^aO'SO" 

Upon  inspecting  the  tables  that  are  calculaled  to  eeven  places  of  decimals  odI;.  it 
will  be  iKen  that,  when  the  luiglea  become  vei7  small,  the  cosmes  difler  very  little 
Trom  each  other.  The  same  remerk  applies,  of  coarse,  to  the  sines  of  angles  nearly 
90°.  In  caEBS,  therefore,  where  great  accuracy  ia  requited,  we  may  commit  au 
important  error  by  caloDlating  a  small  angle  from  ila  cosine,  or  n  large  one  from  ila 
une.    We  must  coiisoquentiy  endeavor  to  avoid  this,  by  transforming  the  eiprcs«on 

In  the  example  before  us,  ■:  is  a  Emali  angle  whicii  has  been  culcnUted  Sram  it> 
cosine  ;  we  must,  Iherefore,  if  possible,  cahiulate  tliin  angle  by  means  of  im  sine,  or 
some  other  trigonometrical  liinclion. 

Now,  by  formula  (8),  Art.  72,  we  have  generally 


.=v/i- 


subetituting  this  in  the  at 


log.  sm  ii-:—  i  log.  (&  — a)  — iloff.  3»-f.|og.  n. 

From  which  wo  find 

.!-  =  40'  34" 

And.-.  0=  IO20'48" 

InsieaiJ  of  1°  20'  50",  as  obtained  by  the  former  process. 

Or  c  might  fitat  be  calculated  from  a  and  b,  and  then  c  by  means  of  its  sine. 

No  angle  which  is  nearly  90°  ought  to  fao  calculated  from  its  tangent,  for  tlio 
tangents  of  large  angles  increase  with  so  much  rapidity,  that  the  results,  derived  from 
(he  colunn  of  proportional  parts  found  in  the  tables,  cannot  be  depended  on  as 
uccurate. 
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23.  The  following  is  *«  domonBimlion  of  I'ormiilaH  ^i)  and  (4)  oi  Art.  77. 
By  Art.  G3 

<:-  =  „'  +  i'  —  -lab  COB  <!  ~  a'  -|-  b^  —  '2ab  (2  cos'  i  c  —  1) 
:=  (u>  +  i'-  -j.  s«J)  -  4aii  cos'  i  0  =  (a  +  t)'  I    1  -  (^^  Wb  iS  c  VJ 
Milking 

.M^^^!y^-io  (1) 


c«=  (0  +  6)'  (1  —Hill'  ?)  =  (a  +  ')'  CO?'  # 

■ITiean  forms  (1)  und  (3)  are  more  miitsblo  limn   (1)   and  (2)  of  An.  J7,  if  b  ba 

nently  equal  lo  a,   lieoauss  tlian  Wn  f ,  which,  in  Art.  77,  was  eqnai  to »m^c 

15  vary  Jnrge,  oe  ^  ia  near  90°,  unless  c  ia  very  small,  and  wlien  such  is  Iho  case  the 
inorBBSe  of  llie  laiigenl  ie  not  proportioned  to  the  incretiSB  of  ibe  arc,  ao  that  lh« 
ordinary  modi!  of  ealnulaliog  logarilhing  not  exactly  found  in   the  tiiblef  would  bs 


34.  Formnlas  not  adapted  to  logarithmic  computation  may  often  be  rendered  s 
by  the  iibb  of  subsidiary  angles.  Specimens  have  been  given  in  the  last  Art.  an 
Art.  77.     The  following  ia  another  osamplo. 


ji  logaiilhmio  computali 
It  may  be  written 


„1.  J(m  l  +  c.,,,1- 


Our  form  thus  liwomes 

™«  =  aind(sini-|-oosi-"^) 
eoaf 

Bind 
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p  may  be  computed  from  (1)  by  logarithms,  and  ihen  t  -\-  #  frojn  (S),  srid  from-f 
and  I-]-  f,  I  becomes  known, 

25.  To  resolve  a  quadratic  equation  by  the  aid  af  Trigonometrti. 
The  gonerul  form  of  mieh  an  equation  is 


F.nd  Ibe  values  of  x  {si*  Alg.  Ait.  183)  am 


-|±\/?+'— ^'-,|l;^'\/f,+  '| 


(1) 

.■-.=-A- 

Sii 

=f^l 

W\ 

=  -v? 

lT-0 

±„- 

,:.>^^ 

=F  I 

-V?    "jii 

^ 

s*+l 

2»»J 

* 

-  cot  4  # 

fiiii*           y 

sini^cc 

.!»    " 

CO 

s*-l 

—  2  Bin' 

J» 

.  -  lan  S  , 

Bin  f               a  1 

,lQ  1  t  " 

.1? 

'       tan  J  ^ 

(2),i,= 

=  >/,-  . 

Fin  W 

Logarithms  may  be  applied  to  the  formulaa  (1),  (2),  and  (il). 

If  !>  and  !  bs  negative  iLe  foUotring  forms  shoulil  be  u^ed,  trhicb  tnay  eadl;  b« 

lieduoed  jn  a  similar  niaonfr.     Put  -^  sin'  *,  then 

X,    =  i  p  (1  +  eus  *)  =»!.  COS-  i  d 

*'  =  iP{l— COS*)  =p£in'i#' 

For  Iho  rssolutio!)  of  a  eubin  equation  by  t!in  aid  of  Trigoiiojuiilry,  3f«  Alg.  Art. 
378. 

96.  Hi  ^rid  the  increment  of  the  siae,  tangent,  ((e.  corresponding  to  a  emM 
increnunt  ef  the  angle. 

Let  0  tcptesent  the  angle,  i  it3  increnient,  »nd  J  ^n  u  the  coirsspoiiiling  ineremBnl 
of  the  sine.     Then 

•  Wiien  the  eoeliicienis  of  a  quadratic  are  large,  the  [rigonometrio  mode  of,  hoI«- 

•"•""•'•""■      I, 
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"('■  +  ') -ail" 

ja  o  sin  J  (1  —  tan  a     ^'",     .         (*"■  ^^■) 


TTiB  increment  i  being  supposed  very  smali.tan  J  i  will  be  verjramalliilBO.anduiileB 
(an  ti  be  large,  the  eecond  term  in  the  parenthesis  may  be  omitted.    Then  eince  aa 
is  equal  to  i  very  nearly,  i  being  very  amall,  it  follows  (hat  the  ratio  of  i  ein  a  to  i  i 
cos  a.    In  other  words,  tlie  difierenee  of  the  sines  of  Iwo  anglea  is  proportional  u 
ibt  difierenee  of  the  angles  when  the  difference  is  small. 
When  tan  a  is  large  lliis  principle  fails,  wbieh  is  tbs  ease  with  arcs  near  90°. 
The  reasoniiig  for  1  cos  a  is  very  aimilar. 
For  the  tangent  it  is  as  follows  : 

.m(a+i)  _sina 
"■^coaCn+i)       ooso 
m(a+i)coBa-c.)3(a  +  .-)sin  <. 


.„(a- 


.j,.+„-.j  = 


(1).  Prove  vers  (180°  —  a)  =  2  vers  J  (180° 
(3).  Find  the  numerical  valuwi  of  sin  15°,  vers 
(3).  Prove  tan  50°  +  col  50°  =  2  sec  10°. 
4).  If  0  +  6  +  c  =  90°,  prove 

and  cot  o  +  cot  (  +  cot  e  =  cot  a  cot  I 


vs 


(6).  Prove  the  radii  of  the  insoiihed  and  eircumacribed  circles  of  a  regular  poly- 
180° 
gonof  any  given  number  fn)  of  ades  lo  be  for  the  former  r  =  1  a  cot ,obeingtba 

180° 
Ifflngth  of  one  side  of  tlie  polygon,  and  for  the  latter  ji  =  J  a  cosec 

•  This  is  the  formula  used  in  the  solution  of  Kepler's  problem  in  ABtronomy, 
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(1.)  Prove  iha  atea  of  &  regular  circumscribed  polygon  to  bci 


Thai  of  a  regular  inscribed  polygon  tc 


<8).  Prove  tbe  area  of  a  regular  polygon  of  n  sides,  one  of  whioli  =  a  to  b« 
180° 

(9).  Prove  the  radii  of  the  inscribed  and  oiroums«ribed  circles  of  a  liiangle  to  be 
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PART    II. 

SPHEEICAL     I'EIGONOMETKT 
PEACTICAL    ASTRONOMY. 


IT.  A  spherical  triangle  ia  foi-mcd  by  ttree  area  of  great  circles. 

T!io  planes  of  these  arcs  jirodueed,  form  a  tfihejral  angle,  tho  veriux 
yf  which  is  at  the  centre  of  the  sphere.     (Spherical  Geom.  Prop.  7.) 

The  angle  which  two  planes  make  with  each  other,  is  called  ft  diedrat 
angle.  This  angle  is  equal  to  tho  angle  foi'meJ  .by  two  lines,  drawn  one 
in  each  plane  and  perijendiciilar  to  the  common  intersection  of  tho  two 
planes  at  the  same  iwint,     (Geom.  of  Planes,  Def.  6.) 

llie  angles  of  a  spherical  triangle  are  the  angles  formed  by  the  planes 
of  the  arcs.  (Sphcr.  Geom.,  Def.  1.)  These  are  the  diedral  angles  of  tho 
trihedral  angle  mentioned  above. 

The  sides  of  the  spherical  triangle  are  the  arcs  of  the  great  circles,  by 
which  it  ia  bounded.  The  arcs  subtend  the  plane  angles  of  tlio  trihedral 
angle,  and  consequentiy  measvire  them.  The  arcs  are  given  in  degrees, 
and  since  they  contain  the  same  number  as  the  plane  angles  whidi  they 
subtend,  these  plane  angles  may  be  employed  in  a  demonstration,  instead 
of  the  arcs,  or  sides  of  the  spherical  tiiangle  ;  and  fov  a  like  reason,  tlie 
diedral  angles  of  the  trihedral  angle  may  be  employed  instead  of  tbe 
angles  of  the  spherical  triangle. 

If  we  suppose  the  trihedral  angle,  which  has  its  vertex  at  the  centre  of 
a  small  sphere,  to  be  produced  so  as  to  cut  ont  a  triangle  upon  a  lai^r 
concentric*  sphere,  the  sides  of  tho  triangle  upon  the  larger  sphere,  con- 
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taiuing  respeclJvely  tlie  saino  nnraber  of  degrees  as  tlie  piano  angles  of 
tho  trihedral  angle,  will  contain  tlie  same  number  of  dorses  respectively 
us  the  sides  of  the  spherical  ti'iangle  cut  out  by  the  trihedral  angle  on  the 
smaller  sphere.  So  that  as  the  number  of  degrees  in  the  angles  and  sides 
which  are  given  or  required,  and  not  their. absolute  length,  is  taken  into 
consideration  in  the  siilutiou  of  spherical  triangles,  tho  siee  of  the  sphere 
need  not  be  regarded. 

18.  Let  ABO  be  a  spherical  tri- 
angle tight  angled  at  A,  Let  o  be 
the  ceiiti'e  of  the  sphere,  and  let  the 
planes  of  the  arcs  whicli  are  the 
sides  of  the  triangle  be  produced  so 
as  to  form  the  trihedral  angle  whose 
vertex  is  at  o. 

The  plane  apgle  cob  will  contain 
tlie  same  number  of  degrees  as  tlie 
side  a  of  the  spherical  triangle ;  the 
piano  angle  coa  the  same  number  as 
the  side  6  ;  and  aob  tlie  same  num- 
ber m  c  ;  so  that  these  plane  angles 
may  bo  marked  a,  6,  and  o,  as  in  the 

It  has  already  been  mentioned  that  the  diedral  angles  of  the  trihedral 
angle  correspond  in  the  same  manner  to  the  angles  of  the  spherical  tri- 
^gle ;  and  tliat  these  diiidral  angles  are  measured  by  the  angle  of  two 
lines,  drawn  one  in  each  plane,  perpendicular  to  the  common  intersection 
of  the  two  planes  at  the  same  points  In  order  to  draw  Uiese  lines  so  as  to 
be  used  most  conveniently  in  the  following  demonstration,  take  o  m  =:  the 
radius  of  tiie  tables ;  draw  m  r  perpendicular  to  o  A,  it  will  be  perpen- 
dicular to  the  plane  aob  (Geom.  of  Planes,  Prop.  IS),  sinee  the  two 
planes  aob  and  a  o  c  are  perpendicular  to  each  other,  A  being  by  hypo- 
thesis a  right  angle ;  from  p  draw  p  d  perpendicular  to  o  b,  a  line  of  the 
plane  aob;  join  d  m;  md  will  be  perpendicular  to  o  b  (Geom.  of  Planes, 
prop.  8)  ;  M  D  and  d  p  being  both  perpendicular  to  o  b  at  the  same  point 
D,  the  angle  m  b  p  is  the  diedral  angle  of  the  plaues  aob  and  boo;  or 
11  II  p  =  the  angle  b  of  tho  spherical  triangle  ;  o  m  being  equal  to  radius, 
M  u  is  the  sine  of  the  plane  angle  a,  and  m  p  is  the  sine  of  the  plane 
angle  6  ;  in  Uie  triangle  m  d  p,  right  angled  at  p,  we  liave  tlie  proportion 
(Art.  3S) 
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substituting  for  »  its  eijuul  b,  for  si  d,  its  value  sin  a,  aniil  for  m  i;  its  raluo 
^D  6,  we  have 


That  13,  l!ie  radius  is  to  the  ame  of  eitlur  of  the  oUigue  angles  of  a 
right  angled  spherical  triangle  as  the  sine  of  tlte  hypotlienuse  is  to  tliema 
of  the  side  opposite  that  angle. 

79.  The  solution  of  astronomical  probl  f  n  u  f  li  m  t  iseful 
and  agreeable  applications  of  the  theory    f   pi      cal  t  m  t  j    vhich 

branch  of  mathematics  has  grown  out  of  th    w    t     f  A  f       my 

To  illustrate  therefore  tlie  above  and  s  b«  q  nt  f  m  las  f  pherica! 
trigonometry  we  shall  introduce  a  few  gre  t  1  f  th  lest  !  ihere. 
They  are  so  well  known  that  to  define  th  n       p    1   I     up^rfl     is 

The  equator  is  that  great  drcle  the  plane  of  which  is  perpendicular  to 
the  axis  of  the  eai-th.  The  a.vis  being  the  Sine  about  ivhleh  the  eaith  per- 
forms its  diuinal  rotation.  This  produced  to  the  celestial  sphere  becomes 
the  ims  of  the  heavens  about  which  all  the  stars  apjwar  to  revolve 
daiiy. 

The  ecliptic  k  a  great  cireie  which  makes  an  angle  of  about  23°  28' 
with  tiie  equalflr.  It  is  tho  path  which  the  sun  appears  to  describe  Among 
the  stars  once  »  year. 

The  points  in  which  the  two  great  dreles  above  defined  intereect  are 
called  equinoctial  points. 

The  one  at  which  the  sun  crosses  the  equator  in  the  spring  about  the 
2lBt  of  March,  is  called  the  vernal  equinox. 

The  other,  which  is  where  the  sun  crosses  in  the  autumn,  viz.  abo\it  the 
23d  of  September,  is  called  tho  autumnal  equinox. 

Declination  circles  are  great  circles,  the  plan^  of  which  pass  through 
the  axis  and  tlie  circumferences  of  which  all  intersect  in  ih«  poles  or  points 
where  the  axis  meets  the  su^ace  of  the  celestial  BphoM.  They  are  also 
called  liour  circles.     ITie  sun  appears  to  move  about  the  eai'th  once  in  24 

hours; =  15°  is  tlio  number  of  degrees  through  which  the  auu 

moves  in  an  hour. 

That  declination  circle,  the  plane  of  which  passes  through  any  place 
ou  the  surfiice  of  the  earth  and  the  earth's  centre,  is  called  the  meridian 
of  the  place. 

Tho  angle  contained  between  the  meridian  of  a  place  and  that  declina- 
tion eirclo  which  passes  through  the  sun  at  any  given  moment,  is  called 
the  hour  angle  of  the  sun,  and  converted  into  hours,  15°  to  tho  hour,  lyfll 
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show  tlie  time  of  daj  if  we  r  kon  f  urn  n  o  1 1 1  il  f  m  dii  glit  -w 
astronomers  do. 

TJiis  time  may  be  ether  a  m  or  i  m  It  is  whit  i  called  apparent 
(jme,  which  varies  a  little  f  om  me  in  time  the  time  ^  \  en  bj  the  cloclti 
in  consequence  of  the  slightly  unepal  motiou  ot  tl  o  s  in  in  it^  anni  j1 
revolution. 

The  hour  angle  of  a  star  i-i  siniilar  to  that  of  the  sun 

The  horizon  of  any  j lice  is  i  gieit  circle  whose  jlaie  toiche*  the 
surface  of  the  earth  at  that  pl-we  and  ejtten  Is  to  the  coiest  al  sphere 
This  is  called  the  sensible  horizon  the  real  hor  zon  s  a  plane  [  arallel  to 
this  through  the  centre  of  the  earth.  When  any  of  the  fixed  stars  are  in 
question,  the  distances  of  which  from  the  earth  are  so  great  that  its  radius 
is  as  nothing  comparatively,  these  two  horizons  may  he  regarded,  aa  coin- 
cident. The  zenith  is  the  pole  of  the  horizon  directly  overhead.  The 
nadir  is  the  opposite  pole. 

Great  circles  passing  through  the  zenith  and  nadir  are  called  vertical 
circles.     They  are  secondaries  to  tlie  horizon, 

Hie  position  of  a  heavenly  body  is  fixed  on  the  celestial  sphere,  like 
that  of  a  place  on  the  globe,  hy  its  latitude  and  longitude,  only  it  must  be 
observed  that  on  the  former  these  are  measured  from  and  upon  the  ecliptic 
instead  of  the  egaalor. 

Similar  measurements  from  and  upon  the  celestial  equator  are  called  the 
declination  and  the  right  ascension,  the  former  corresponding  to  the  lati- 
tude, and  the  latfar  fo  the  longitude.* 

Longitude  upon  the  earth  is  reckoned  from  some  fixed  meridian,  as  that 
of  Grcenvjich. 

Longitude  upon  the  celestial  sphere  is  reckoned  irom  the  vernal  equinox 
which  is  called  the  Jlrsl  of  Aries  ;  right  ascension  also  from  the  same 
point ;  the  former  upon  the  ecliplJo,  the  latter  upon  the  equator. 

The  (^math  of  a  celestJal  object  is  an  arc  of  tJie  horizon,  comprehended 
between  tiie  meridian  of  the  observer  and  the  vertical  circle  which  passes 
tlirough  the  object. 

Or  it  is  the  angle  which  these  two  vertical  cii'des  make  with  each  other 
having  it^  vertex  at  the  zenith. 

80.  Wo  are  now  prepared  with  materials  for  a  practical  application  of 
the  formulas  of  spherical  trigonometry,  and  we  commence  with  that 
already  demonstrated. 

•  Tho  ^mhol  for  right  ascension  is  ar  or  b.  i, ;  for  declination  o,  or  Deo. 
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Let  B  ill  the  annexed  Jlagram  be  tho 
e([iiinoxial  [joint,  bq  a  portion  of  the 
equator,  eg  a  portion  of  tlie  ecliptic,  8 
the  place  of  the  sun,  auil  sa  a  portion 
of  a  dec.  circle  through  the  son ;  then 
bK  will  be  the  s'a  declination,  which  de- 
note by  S,  BQ  his  right  aweiisioi],  which  denote  by  a,  and  es  his  lon^ 
tude,  which  denote  by  I. 

Given  the  ®'s  declination*  equal  to  20",  required  his  longitude. 
In  the  right  angled  triangle  bos  right  angled  at  q  we  know  e  =  23° 
28'  the  opposite  side  SQ  =;  20°  required  the  hypothena?o  ss.     Honce 
the  proportion 

R  :  sin  23''  23'  :  :  sin  I :  sin  20° 


(il  = 


kX: 


n  20° 


III 


iin  23°  28' 
&      20°  iug.  sin  9'53'103 

B     23°  28'  log.  sin  !)'fi0012 

i      59°  11'  26'' 1(^.  sin  8-93393 
=  59°  II'  26'  the  longitude  of  the  sun  required. 
*  The  declination  of  tlio  sun  may  be  funnel  rudely  by  taking  its  meiidian  altituda 

with  t]ie  same  iualrument  and  in  the  same  manner  as  was  doSEiibed  at  Art.  11.    Mow 

aecurale  inalrDments  and  methods   will  bo  described  horeafler.     Thia  ohBervalion 

should  be  made  about  noon  rcpealedly,  and  the  greatest  observed  altitude  will  be  the 

meridian    altitude.      A    piece    of 

eolored  glass  will  be  required  for 

the  pmpoEe.     Let  p  be  a  [ilaca  on 

the  eaiih  ;   pg    t     &  t      6  f 

tlic  equater  wi     b  U    d 

litis  cantains  m     n  mb 

of  degrees  as  l  be  ween 


1  b    h     d 


equal  ®'s  mend   n  a       &         = 

is  called  the  zenith  di^ttance,  or 

ooalliludo:  SQ  =  iq  —  sb  or  doc  Iin  Htion  r=  latitude  —  nenith  dislanco. 

N.  B.  The  altitude  of  the  uppermost  point  of  the  circumference'  of 
should  ho  iifEt  taken,  then  of  llie  lowermost  point,  and  half  their  difference  t 
ihe  latter,or  aimply  liulf  their  sum  will  t^ivo  the  altitude  of  the  0'a  eeatto. 
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I/Bt  t]io  student  tiy  the  following;  inodificfttioii  of  tlio  problem  i 


Given  ©  =  90°  to  find  hia  declination." 

a  of  tie  proportjon  for  right  angled,  trlsngles,  and  of  which 


an  eipplicatioit  haa  just  been  g 
getieraL 

Let  ABC  be  any  spherical  triangle ; 
let  fall  from  A  the  arc  ad  perpen- 
dicular to  the  side  bo,  the  given 
triangle  will  be  divided  into  two 
right  angled  tiiangles  abd  and  acd. 
In  the  riglit  angled  triangle  abd  we 
have  the  proportion  (Art.  78) 


)  may  be  derived  for  triangles  r. 


and  in  the  right  angled  ti'langle  Acn,  the  pi-oportion 


Multiplying  the  extremes  and  moans  of  cacli  of  these  proportions,  ' 
have  the  equations 


The  first  members  of  these  eq^uations  being  the  same  the  second  t 


substituting  for  the  sides  ab  and  ac  the  small  letters  of  tbo  same 
with  the  angles  opposite  to  them  the  last  equation  may  bo  written 


•  Thig  syrabo)  0  aigoifica  longitude  of  ihe  au 
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that  ia,  the  sines  of  the  angles  of  a  sphnrical  Ir'miigle  are  as  the  sines  of 
the  opposite  sides. 


Let  z  be  tlie  z  n  th  p  the  pol 
of  the  equ  tor  and  a  the  pHix  of 
a  star     za       II  be  tl  e  zen  ti     1 
tance  ot  tl  e  Rta    zrs  te  ho  r  a    I 
P3    ts    0-1  cl  mtioii  or  j  oiar  ds 
tance    i   1  bzp    ts  ■uimuth       Let 
the  &z      tl     zt    til  JistiDCP     nl 
hoir  ■mo-lef  be  gvc     to  fi    1  t3 
polar  d  t    ce    Tihch    s   the  con 
plemeiit  of  the  dLtli nation ,  k,  is  ^ind  i  are  givfin,  and  ps  required. 


Lot  P=  32°  2G'  6'',  z  =  49 

°  54'  3£ 

!",  and 

Z3  or  p  ^  4 

4°  18'  45' 

p  32°  2G'     6"  a 

ir.  comp, 

log,  .i. 

1  0'2V056 

z  49°  54'  38" 

%.  si, 

iS'88369 

^44"  13'  45" 

log.  .h 

1  9*84357 

z  84"  16' 

log.  sii 

;i  S*0Q782 

declinalJon  of  the  star  =  5° 

44' 

Since  the  sine  of  an  arc  ia  equal  to  the  sine  of  its  supplement  (Art  15), 
the  required  side  may  be  also  tlie  supplement  of  84°  10',  or  95°  44' 
Tho  dec,  would  then  be  5°  44'  south  of  the  equator. 

To  illustrate  this  double  solution  by  the  diagram,  let  the  stiident  make 
or  conceive  to  be  made  tho  following  construction.  Draw  an  arc  from  a 
making  with  rz  an  angle  equal  to  z,  meeting  pz  in  a  point  which  we  will 
call  z'.  sz'  will  then  be  equal  to  ez ;  prolong  pz  and  ps  till  they  meet  in 
tho  opposite  pole,  which  wo  will  call  p' ;  a  triangle  will  be  formed  z'p'r, 

■  The  student  will  reooUeot  tliat  a  proportion  ia  an  equality  of  ratios,  and  that  ratiu, 
ts  commonly  undeistood,  ia  the  quotient  of  two  quantiliia.  The  above  ia  familiarlf 
called  the  sine  proportion, 

t  The  zenith  disl.  and  azimuth  may  be  observed  with  a  theodolite  or  altitude  an^ 
aiiniutii  instrument,  to  bu  doscribod  hereafter ;  tlio  hour  angle  by  a  sidereal  clock. 
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D  which  the  angles  z'  and  p',  and  the  side  sz'  will  be  equal  to  those  ^ven 

u  the  above  example,  but  in  which  the  ddo  p's  is  tlis  aqiplement  of  ps.* 

The  polar  diatauoe  of  the  fixed  stava  wilt  be  found  to  be  always  the 

lame,  hence  tliey  describe  circles  about  the  polas  in  their  apparent  daily 


13'.  6  55a  7' .13" 


Of 


82.  We  shall  next  demonstrate  a  formula  which  will  express 
the  angles  of  a  spherical  triangle  in  terms  of  the  three  sides. 

Lot  ABC   be  any  spherical    tri-  /j 

Qiiglo,  0  tliG  centre  of  the  sphere; 
join  OA,  OB,  00 ;  a  trihedral  angle 
is  formed'  having  its  vertex  at  o. 
The  plane  angles  of  tiiis  trihadral 
may  be  called  by  the  same  letters 
as  the  sides  of  the  spherical  triangle 
for  the  reason  given  in  Art.  T7. 
By  referring  to  the  note  of  Art  39, 
it  will  be  seen  tliat  we  may  choose 
at  pleasure  the  length  of  a  radius, 
and  the  trigonometrical  lines  will 
have  tlie  Same  relation  as  those 
corresponding  to  the  radius  of  the 
tables  or  any  other  radius. 

Let  us  take  OA  as  radiuf,  and 
draw  the  perpendiculars  ad  and  ak 
at  its  extremity  and  in  the  planes 
Aoo  and  aob  ;  produce  these  per- 
pendiculars till  thoy  meet  the  lines 
oc  and  on  in  n  and  b.  ad  will  be  the  bmgcnt  and  on  the  secant  of  the 
side  6  of  the  spherical  triangle,  and  ae  the  tangent,  and  ob  the  secant  of 
the  side  c. 

This  being  premised,  let  us  take  the  value  of  de,  ia  terms  of  the  other 
sides  and  one  angle,  of  each  of  the  two  plane  triangles  dae  and  doe,  to 
both  of  which  it  belongs.     Tliis  may  bo  done  by  means  of  the  formula 

•  A  rule  for  dcWrmining  wtien  there  are  two  Bolulions,  and  when  but  one  in  met 

cases,  is  given  nl  p  196. 
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COS  A  =  R  J (Art.  fJ9),  from  wliich,  taking  the  value  of  tha 

square  of  the  ade  opposite  the  angle  in  tlio  fornmla,  we  have 

a'  =  6'  +  c" -— 

in  the  triangle  ead  this  formula  becomes 

2   A   D  X    AK  COS  A 


and  ill  the  triangle  eod 


,  2  DO  X  E 


Eubtracdng  the  former  from  the  latter  of  these  two  eijuatjons  and  observing 
that  in  the  right  angled  triangles  oad  and  oab 

do'  —  ad"  =  oA°  and  bo'  -—  ab'  =  oa' 

there  results 


Rnding  the  value  of  cos  a  from  this  equation,  wc  have 


A  D  X  A  i: 

Hubatituting  for  o  A  its  value  n  for  »  o  its  value  sec  6  ^= ;  (Art.  33), 

for  E  o,  secc  =  — —  for  a  n  its  value  tan  b  = — -  (Art.  32), and  for 

jt  E  ita  value  tan  c  = the  aboro 


or  striking  out  r' 
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But  the  angle  a  of  the  plane  triangle  dab  U  tlie  same  as  the  angle 
A  of  the  aphevical  triangle  (Spher.  Geom.,  Prop.  4)  hence,  translating  the 
above  fonnula, 

The  cosine  of  dlker*  angle  of  a  spherical  tria/ngle  is  equal  to  raditts 
$guare  into  the  cosine  of  the  side  opposite,  minus  radius  into  the  rectangle 
of  the  cosines  of  the  adjacent  sides,  diinded  hy  tite  rectangle  of  the  sines 
of  the  adjacent  sides. 

The  above  fonnula  will  serve  to  calculate  one  of  the  angles  of  a  spheri- 
cal triangle  when  the  three  sides  are  given,  if  we  employ  the  table  of 
natnral  sines  and  cosines;  but  is  unsuitable  for  the  application  of 
logarithms,  in  consequence  of  the  sign — in  the  numerator  requiring  a 
subtraction  to  be  pei'formed,  which  operation  is  impracticable  by  means  of 
logaritbms.  We  shall  therefore  derive  from  this  another  formula,  invok- 
ing only  multiplications,  divisions,  ifec,  of  the  trigonometrical  lines  con- 
tained ill  it,  to  which  operations  logarithms  apply. 

83,  At  An.  74  were  derived  formulas  (3)  and  (4)  for  the  sum  of  the  sines  and 
differonca  of  the  sines  of  two  arcs.  In  a  similar  manner  two  others  may  be  derived 
forthesani  and  diffeteiice  of  the  cosines.  Sec  (7)  and  (8)  of  Art,  la,  App.  I. 
These  four  forms  would  be  as  follows: 

sinm-hsin»  =  3Mni  («!-)-«)  cosi(m~n)  {1) 

^m  —  Sinn  =  2  cos  J  (m  +  n)  sin  ^  {m  — «)  (3) 

cc«<™-f  cosn=3eosj(™+«)oosi(m-n)  (3) 

cos  n-  cos  m  =  9  sin  J  (m  +  n)  Mil  J  (m  -  «)  (4) 

The  last  is  read,  the  difference  of  the  coainea  of  any  tma  arcs  is  equal  to  twice 
tie  sine  of  half  their  sum  into  the  sine  of  half  their  difference. 

84.  A  formula  for  the  cosine  of  half  an  angle  of  a  spherical  tiiangle,  in  terms  of 
Ihe  three  sides,  may  now  be  derived.     Resume  from  Art,  BS, 


0  both  members  it  becomes  by  (G)  of  Art.  70, 
cosa-cos(i  +  e) 


•  We  Bay  either  angle,  because  iu  tlie  above  demo;i'ilt;(tion  no  psrticulsr  ai 
WIS  selected! 
t  Deduced  similarly  to  (8)  of  An.  73,  by  adding  <5)  and  (6)  of  that  atlicle. 
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i.  e.  TAe  cojine  0/  Aai/  on  angle  of  a  ^kerical  triangle  is  tqual  to  the  sgiiart 
root  of  ike  sine  of  half  the  sum  of  the  three  ndes  into  the  sine  of  half  the  emu 
minus  the  side  opposite,  diiiiiled  by  the  rectangle  of  the  sines  of  the  a4;acent  sidtB. 

Ill  a  similar  manner  may  be  'derived  a  formula  for  ihe  sina  of  lialf  nn  angle  io 
terms  of  the  three  aiiies. 


■  Disiding  (^j  hy  (I)  there  results 


sm  (i  s 

—  6)  El 

Ms-C) 

'«ln  li 

-6)B 

1  Iks—e) 

« 


Since  sin  a  =  9  ain  J  A  cos  J  A,  by  multiplying  (I)  and  (2)  a  foMnula  for  aic  i  mity 
to  obtained  analogous  to  (3)  of  Art.  73.    '     '   - 

Any  of  the  above  forms  (1),  (2),  (.*!)  may  bo  employed  for  the  sdia- 
tion  of  a  spherical  triangle  when  the  three  sides  are  given. 

(2)  is  roadjthiis  :  Ike  sine  of  hay'  either  angle  of  a  spherical  triangle  is 
equal  to  radiiis"^  into  the  square  root  of  the  sine  of  half  ihe  snm  of  three 
sides  of  the  triangle  minus  one  of  the  adjacent  sides,  into  the  sine  of  half 
t/ie  sum,  minus  the  other  adjacent  side,  divided  bg  the  rectangle  (f  Ike  lines 
<ifthe  adjacent  sides. 

*  Radius  must  be  introduced  as  a  factor  for  horoogeiieily. 
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The  blank  form  of  (2)  for  examples  will  be  tlie  following. 


If  -^ 

SS           SS 

5f 

5 

a-s 

it    II 

s-l 

s 

.III 

'Hie  Teeult  is  not  amhiguona  in  ihe  application  of  thi»  formula,  for  half  the  angli) 
must  be  l«sa  ihnn  90°,  since  ^g  whole  angle  cannot  exceed  IBQO.  {Splier.  Geom., 
Fmp.  8,Nole,) 

EiAnsiE  II.  Giveno  =  81oi7',6=1140  3',c=59°12'. 
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This  formula,  for  the  solulioa  of  a  spherical  triangle  when  the  three 
Bides  are  g^von,  is  very  convenient  for  calculation  by  logarithms.  Applied 
to  each  of  the  angl^  separately,  it  will  serve  to  deterraino  them  all. 

An  interesting  astronomical  application  of  this  case  of  solution  is  to 
finding  the  time  of  day  and  error  of  a  watch  by  ap  altitude  of  the  ann  of 
other  heasenly  body.     See  Nauticfd  Astronomy,  p.  287. 

85.  i  It  is  proved  (Spher.  Geom.,  Prop.  13),  that  the  three  angles  of  a 
triangle  being  given,  the  triangle  is  determined.  A  formula  for  calculatii^. 
fflther  of  the  sides  when  the  three  angles  are  given,  may  bo  easily  derived 
from  that  of  the  last  article,  by  means  of  the  polar  triangles. 

It  is  necessary  first  to  premise  that  the  polar  triangles  of  the  whole ' 
range  of  triangles  will  include  all  possible  triangles  :  for  as  each  side  of  a 
triangle  passes  through  all  values  from  180°  to  0°,  the  opposite  angle  of 
the  polar  triangle  will  pass  through  all  values  from  0°  to  180°.  Where- 
fore whatever  can  be  proved  of  the  polar  triangles  of  all  possible  trian^es 
may  be  considered  as  proved  for  all  triangles. 

Resume  the  equation  before  (1)  of  the  preceding  article. 


•  ii 


V^ 


i{a+b  +  c)^«Ht+c 


For  the  parts  of  the  triangle  in  this  formula,  substitute  their  equivalents 
in  the  polar  triangle.  It  will  be  remembered  (Spher.  Geom,,  Prop.  6), 
that  eaeli  angle  of  a  spherical  triangle  is  the  supplement  of  the  side  oppo- 
site in  the  polar  triangle,  and  vice  versS. ;  hence  if  o',  b',  am 
the  sides,  and  a',  b',  c',  the  angles  of  the  polar  triangle,  we  have 

A  =  180°  — n'n  —  180°  — a',  6=  180°  — b' and  c  =  130°  ■ 

putting  these  values  of  the  letters  a,  a,  i,  and  e  in  their  places  in  the  f 
above,  it  becomes 


=  V'i 


^  ^540°  —(a'  -f  b'  +  0'))  sin  i  (180°—  {b' +o' 
sin  (180°  — b')  sin  (180°  — c') 


But  1  (180°  —  a)  -  (90°  — |.  a'}  and  cos  (00°  —  J-  a')  =  sin  ^  a' 
{Art.  23);  also ^(540°  —(*'-!-  b'  +  c')  =  270"—^  (a'  -\-b'+  &)  and 
sin  (2';0°  — i(A'-l-  n-i-  &))  =  —cos  i  (a'  +  n'-f  c')  ;  also^(180°  — 
(o'+c'  —a')  =  90°-^  {d'  +  c'— A')  and  sin  (90°-!  (n'  -J-  c'  —a')) 
=  cos  I  (b'  +  o'~  a')  ;  also  sin  (180°  —  b')  =  sin  b'  (Art.  15)  and  sin 
{180°  — o')  =Bin  c'. 
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Malting  these  substitutioos,  the  foraiula  become} 


■'  =.  ^-^'jjy+^x^jijyj^ 


ft  formula  for  the  sioe  of  half  a  aide  in  terms  of  ttie  three  angles  of  a 
triangle.  Wo  may  leave  out  the  acccnta  over  the  letters,  which  we  have 
eMiJojed  only  to  distinguish  the  polar  from  the  triangle  to  which  it  corres- 
ponds, and  which  are  superfluous  in  a  general  formula. 

This  formula  will  undergo  a  similar  modificatiou  to  that  made  in  the  for- 
Enala  preceding  (1)  of  the  last  article.  Represent  a  -(.  b  +  c  by  s,  and 
the  formula  b 


.,H«=^^ 


'■»» 


■A) 


(2) 


or,  lAe  sine  of  half  either  aide  (f  <my  spherical  tnangle  is  equal  to  radim* 
into  the  square  root  of  minus  the  cosine  of  half  the  sum  of  the  three 
le  of  half  the  sum  minus  the  opposite  angle,  divided 


angles  %nto  the  coatne  of  half  the  sum  minus  the  tj, 
Bp:  ike  rectanf/k  of  tlie  sines  of  the  adjacent  angles. 

A  form  for  tlie  coaine  of  half  a  side  may  he  derived   i 
IbB  form  ftom  wliioh  (21   of  Art.  84   is  derived. 


=  v/5 


i     ('  +  E 


,B    i    (A+C-B) 


..i-.^/^ 


-E)_coa  i  (s-c) 


86.'  We  shall  next  derive  two  seta  of  proportions  applicable  ta  the  solu- 
^on  of  a  spherical  triangle,  the  first  set  when  two  sides  and  the  included 
snglo  are  given,  and  the  second  when  two  angles  and  the  included  aide. 

It  will  be  found  convenient  in.  the  longer  analytical  processes  to  repi'esent 
the  angles  of  a  spherical  triangle  opposite  the  sides  a,  b,  and  c,  respectively 
by  a,  /3,  y.  Formula  (1)  of  Art,  84,  a])plied  to  each  of  the  three  angles 
of  a  triangle  will  give 


•  For  homogeneity. 


e  lliaii  180°.     (Sea  Sphor.  Gconi ,  Frop.  1 


13  ^  s  ia  alwaya  posilive,  bccifjse  s 
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"'*'■■ 

and  the  formula  from  which  (2)  of  the  si 


,ml(*  +  .+  .). 

nH»  +  «-«) 

sill  b  SI 

aH«  +  «-») 

.inJ(.+  6  +  .), 

ri(.  +  6-.) 

(I) 

(2) 
(S) 


e  article  is  derived. 


■>■! 


.inH«  + 

-Jj.inHo  +  S— ) 

sill  iih  +  c 

-.),i„l(.  +  6-t) 

.ini{S+o 

-«)sin}  («  +  «-S) 

sin  (( sin  fi 

(■1) 

■  i  ,8  „  ^^^^^^-^^'i^/  '"""•'  (5) 

.in.4,=5i±<y:£|4|i_fe±l:=l)  (c, 

By  multiplying  two  of  these  formulaa,  and  dividing  by  a  third  will  be 


(2)X(3) 


the  fonuula 


cosi/3o 

sir 

sin  J 
sin  i  /3  si 

»*r 

sin} 
cosies 

«  +  r 

cosi 
sin  1  ^  oc 

.Jr 

sin  J(a  +  S  +  .) 

.inl(6+o-o) 

sinJ(.+  .-6) 

,inH"  +  »-«) 

(') 


1     .    (5)  X  W 

I  (4) 

f    „    (2)  X  (8) 

1   ,.  WW 
0) 


Subtracting  and  adding  (7)  and  (8),  and  also  (9)  and  (10),  applying  to  the 
llrst  members  of  the  results  of  these  operations  the  formulas  deduced  in 
Art.  70,  and  to  the  second  members  formulas  (5),  (6),  (7),  (8),  of  Art.  12, 
App,  I.,  and  aftei-wards  to  these  same  second  members  formula  (3)  Arf^  71, 
we  obtain  the  following  forms. 


'iV  +  7) 


l±i.»±£) 


■in  1  «  CO.  }  a 


sinl-  .in  la 

sin  t  (S  +  r)    _  mijf  —  i) 
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COS  -J-  a  Bin  -J  « 

These  fuur  forma  (and  four  others  derived  similarly  from  repeating  for 
.   «ich  side  formufes  (l)  and  (S)  of  Art,  85J,  are  known  as  the  Theorem  of 
Gauss.*     By  division  of  III.  by  I.,  and  IV.  by  II,,  in  both  seta  will  be 
obtained  four  additional  forms  known  as  Napier's  Analogies  ;f  viz., 

V.  tan  in 

VI.  tan|.atanJ-(^— 7)  = 
VII.    cot  i  a  tan  i  {h  +  c)   - 

Vnr.    cot.J„tanH*-'^)'=^||^Jj 

ThiMc  each  converted  into  a  proportion  or  equally  of  ratios  by  writing 
cot  l  a  in  the  denominator  for  tan  |  a  in  V.  and  VL,  and  vice  wwsd,  in 
Vir.  and  VIII.,  will  be  as  follows  : 

IX.  cosi(i  +  c):cosi(6  — .)::cotla:tan|(/3+>')  ■  •  ■ 
X.  sin-H6  +  c):sin^(fi-c)::cot^a:tan|(/3-5')  .  .  . 
XI.  c)s^{;3  +  7):coalO  — y)::tan^a:taGl(6  +  c)  .  .  . 
Xn.  sin  ^  O  +  y)  :ain  ^  (^  —  7)  :  :  tm  i  a  :  tan  i  (b  —  c)  .  .  . 

That  is,  the  (wsine  of  half  the  sum  of  two  sides  of  a  spherical  Irianffle 
i,-i  to  Oie  cosine  of  half  their  difference,  as  the  cotonffcnt  of  half  the 
imploded  auffle  is  to  the  tanffenl  of  half  the  sum  of  the  other  two 
angles. 

The  second  may  be  repeated  in  a  similar  manner,  changing  cosine  into 
sine  and  tangent  of  the  half  sum  into  tangent  of  the  half  difference  of 
the  other  two  angles. 

The  4th  may, be  translated  into  ordinary  language  thus ; 

The  sine  of  half  the  sum  of  two  angles  of  a  spherical  triangle  is  to  the 
Kiae  of  lialf  their  difference  as  the  tangent  of  half  the  interjacent  side  is 
to.  the  tafiffent  of  half  the  difference  of  the  other  two  sides, 

'Or  Gauss  aquations.        .  i  , 

■f  Ainlogy  is  a  term  Bynonymous  with  ptoporlion.  The  first  term  Ijcnrs  (lie  samo 
analogy  ot  proportion  to  the  second  that  the  third  does  to  the  fourth. 
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The  third  may  be  repeated  in  a  similar  manner. 

These  proportions  were  first  given  by  Lord  Napier,  who  is  celebrated  for 
jnanj  useful  inventions  of  a  similar  character,  but  chiefly  for  that  of 
logarithms. 

We  shall  now  apply  the  first  sot  to  an 


The  latitudes  aud  longitudes  of  two  places  on  tlio  earth's  surface  being 
given  to  find  the  angles  which  the  an;  of  a  great  circle  joining  them 
makes  with  their  meridians,  and  their  distance  apart,  the  earth  being  sup- 
posed an  exact  sphere. 

Let  p  be  the  pole,  a  and  s'  the  places,  tlieii  p 

P8  and  ps'  will  be  their  colatitudes,  and  the 
angle  r  will  be  the  difference  of  their  longi- 
tudes, since  p  will  be  mea.sured  by  an  arc  at 
a  quadrant's  distance  oa  the  equator.  (Spher. 
Geom.,  Prop.  4.)  Let  the  latitudes  of  the  two 
places  be  51"  30'  and  20'=' ;  and  let  their  dif- 
ference of  longitude  be  31°  34'  26''.  Their 
colatitudea  will  be  88°  30'  and  10°.  Then 
we  shall  know  in  the  above  triangle  the  two 
sidci  opposite  s  and  s'  which  we  will  call  s 
and  «',  and  the  included  angle  p.  The  greater  side  i'  =  70°,  s  =  38° 
30'  and  p  =  31°  34'  36".  Applying  forms  IX.  and  X.  of  Kapier's  ana- 
logies with  the  use  of  logarithms,  the  half  sum  and  half  difference  of  the 
unknown  angles  will  be  obtained,  by  the  addition  and  subtraction  of  which 
Ihe  angles  themselves  may  be  found.  The  remaining  side  p  of  the  tri- 
angle may  be  found  by  the  sine  proportion,  or  to  avoid  fi 
{6tm  XI.* 

The  whole  computation  is  eontmned  in  tlie  following  table. 


S-i^--'- 


•  For  a  highly  Dsefiil  prnutical  aiiplication  of  this  problem  af 
App.  III. 


n  Circle  .'^ailine. 
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When  the  first  two  culuDins  of  the  above  computation  are  fiaished,  wo 
)iave  the  values  of  i  (s'  +  s)  and  ^  (s'  —  s)  the  sura  of  which  is  equal  to 
s'  and  their  difference  b. 

h  (s'+  s)  +  i  (3-  ^  s)  =  130°  3'  8  '=  s' 

i  {s'+b)  —  1  (s'  — a)  =  30°  28'  12"  =s 

Since  we  know  now  all  the  pai-ls  of  the  triangle  except  the  side  p  oppo- 
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site  the  angle  p,  that  might  he  found  by  tto  proportion  (Art  81),  the 
dnea  of  the  angles  are  as  the  sines  of  tite  (^podie  sides.  But  to  avoid  an 
ambiguity  in  the  result  similar  to  that  of  Art.  81,  and  tlie  trouble  of 
determining  which  of"  the  two  results  corresponds  to  the  other  parts  of  the 
triangle  now  fixed,  it  is  better  to  employ  XI.  of  Napier's  analogies,  inverting 
it  as  seen  in  the  last  column  above.  This  ^ves  ^  j)  =  about  20°  and 
p  =  about  iQ°  =  3400  geographical  miles,  the  distance  required. 


Given  the  moon's  B.A.  II*  38""  27'*15.         Dec.  i"  5'  ■(0"*4  k. 

To  find  her  latitude  and  longitude,  the  obliquity  of  the  ocliplii!  being 
230  27'  23"'13. 

I^t  p  be  the  pole  of  the  equator,  p'  that 
of  tho  ecliptic,  m  the  place  of  tlio  moon ; 
then  tho  angle 

Mpp'  =  270°  —  »'■  U.A. 
the  side 


the  side 
To  find 

PM=:    90'^  — 4"5'40-'4 
pp'm  =  long,  of  M  --  90° 

and 

1^'m  —  00°  T  6"  latitude* 

Am.  I 

i"  lat.     ~      1°  37'  3"*3  N. 

long.  =  173°  25'  57"-7t 

87.  When,  in  llio  case  copaidered  in  Art.  8S,  Ihe  only  part  required  happens  to  bo 
Iha  ffldo  opposite  the  given  nngle,  the  finding  of  the  other  two  angles  then  becomes 
merol)'  a  subsidiary  oiieralion,  and  the  determination  of  the  required  side,  by  Napier's 

•  The  BQlniner  Eobtieo  is  90°  from  tho  vernal  equinox,  and  is  N  of  the  equator. 
The  pole  of  Ihe  eoliplio  f'  therefore  will  be  south  of  p  and  between  it  and  Iho  27(P 
point.  The  right  ascension  of  the  moon  being  nearly  13  hours  is  nearly  IFlOo,  whivh 
&\ai  it9  place  in  the  diagram. 

,  t  The  determination  of  tho  latitude  and  longitude  of  a  heavenly  body  from  iia 
right  ascension  and  declination  its  above  is  one  of  the  most  useful  problems  in  Aatro- 
noDiy,  the  tight  ascension  and  declination  belug  observed  directly  with  tlie  astrono- 
mical inettumeiils  as  will  be, explained  in  a  Bubsequenl  part  of  the  work,  and  the  lali- 
lade  and  longitude  being  requited  for  computing  the  elements  of  the  orbits  of  (ha 
heavenly  bodies. 
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For  EubstJlQting  coa  a  tan  a  (or  ils  equal  sin  o  it  becomes 


Hence,  lo  find  tho  eido   e,  we  must  dctermiiio  a  subsidiary  angle  u  from  iW 
«quatioa 

cot  ,.  =  tan.  cose  (2) 

iflet  which  c  ia  found  by  tbe  equation 

cos  a  sin  („ +6) 


EXAMPLE. 
Ill  a  spherical  triangle  are  given  ii=38o  30'  i=;70°,  and  o  =  31o  34' 

a     380  30'    0"     log.  tan        9.90081  log.  cos  9'89354 

c      31     34    as       loy.  coa        9'9304a 

u     55    53    30-5    log.  cot        9^103        ar.  co.  log,  sin   0'0e207 


u  +  6  135°  53'30"'5  log.  sin   9-90364 

c   40O  log  coa  9-88425 

8S.  If  when  two  angles  and  the  included  side  are  given,  tlie  angle  opposite  to  (lio 
given  aide  be  the  only  part  requited,  a  similar  formula  should  be  employed,  deduced 
as  foilows.  From  the  fundamenlal  formula  (1)  above,  may  be  obtained  by  aid  of 
the  polar  tiiangles,  the  formula 

which  heoomea  when  cos  a  tan  a  is  substitutod  for  sin  a, 
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RIGHT    ANQLED  TRIANGLES. 
Kence,  having  found  a  subsidiary  angln  a,  by  lli9  u(]iiiitiQn 


89.  The  forinulas  for  tlie  soluLion  of  splierical  triangles  in  general, 
which  have  now  been  demonstrated,  apply  of  course  to  right  angled  tri- 
jingles;  but  if  it  be  recoliectad  tliat  the  trigonometrical  lines  of  the  right 
angle  or  90°  are  either  n,  0,  or  co,  it  will  be  evident  that  these  formulsa 
may,  when  thus  applied,  be  much  simplified. 

Ilie  Btudent  can  easily  make  the  auhstitutioDS  necessary  to  change  the 
foregoing  fonniilaa  into  such  as  apply  exclusively  to  right  angled  triangles, 
for  himselt  We  shall  not  occupyspace  ivith  thcta  here,  but  be  contflot 
with  oteerving  that  after  tliey  have  been  made,  alt  the  formulas  which 
result  will  be  fonnd  capable  of  being  expressed  in  two  short  rules,  or  these 
indeed  may  be  united  into  a  single  one.* 

Amongst  all  the  convenient  and  useful  inventions  of  mathematicians, 
none  is  more  ingenious  and  .beautiful  than  this,  the  author  of  which  is  the 
celebrated  Lord  Napier,  whose  name  we  already  liave  had  occasion 
repeatedly  to  mention  in  connection  with  the  most  happy  discoveries  for 
fecilitating  mathematical  operations.     The  rules  hk  known  as 

jsAi'ir.a'fl  nuLES  for  the  cikculau  parts. 

The  circular  parts  of  a  right  angled  spherical  triangle  are 
"flie  two  sides  including  the  right  angle,  called 


And 


1.  Tiie  base. 

2.  The  perpendicular. 

3.  The  complement  of  the  hypol.henuse 

4.  ITie  complement  of  the  angle  at  the  base. 
6,  The  complement  of  the  angle  at  tlio  vertex, 

'nie  right  angle  being  entirely  left  out  of  consideration  in  the  solution 
of  triangles  of  this  kind,  the  angle  at  the  base  is  that  included  between 

•  The  inodo  of  doduuing  them  is  given  in  App.  11.  p.  194. 
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the  base  nnd  the  Iiypothenuse  ;  and  the  angle  at  tlie  vertex  is  that  inchided 
between  tbe  hypothenuse  and  perpendicular. 

The  eireular  parts  are  then  the  elements  of  the  triangle  itself  except  the 
right  angle,  only  that  the  complements  of  the  hypothenuse  and  oblique 
angles  are  the  circular  parts,  instead  of  these  themselves. 

ITie  annexed  diagram  shows  of  which  elements  of  tlie  triangle  the 
complements  are  used. 

Thei'e  being  five  of  tieso  circular  parts, 
it  is  evident  tliat  any  three  of  them  which 
you  choose  to  select  will  eitlier  be  contiguc 
or  else  two  will  be  contiguous,  and  one  will 
be  separated  from  them  by  a  part  on  eacli 
mde. 

In  the  first  case,  the  part,  intermediate 
between  the  ofJier  two  is  called  the  middle  part,  and  they  are  called  its 
adjacent  parts.  In  the  second  ease,  the  part  which  is  separated  from  the 
othei'  two  is  called  the  middle  part,  and  they  its  opposite  parts.  By 
means  of  thb  arrangement,  all  the  relations  of  a  right  angled  triangle 
may  be  expressed  in  the  two  following  rules  of  Napier : 

1.  Radius  multiplied  by  the  sine  of  the  middle  part  is  equal  to  the 

rectangle  of  the  tangents  of  the  adjacent  parts. 

2,  Kadius  ninltjphed  by  tlie  sine  of  the  middle  part  is  equal  to  the 

rectangle  of  the  cosines  of  the  opposite  parts. 

Or  botli  rules  may  be  given  Uius:  radijis  into  the  sine  of  Ute  middU 
part  =  the  rectangle  of  the  tangents  of  the  adjacent  parts  =  the  rectangle 
of  the  eoaiTiea  of  the  c^podte  parts.* 

The  memory  will  be  aided  by  observing  that  the  words  tangents  and 
adjacent  in  the  second  clause  of  the  above  rule  both  contan  the  letter  a; 
and  that  the  words  cosines  and  opposite  in  the  last  clause  both  contain  the 
letter  o. 

As  tlie  n^ht  angle  of  a  right  ingled  spherical  triangle  is  always  known, 
any  other  two  parts  being  gl^en,  the  rest  may  be  found  by  the  above 

The  method  of  proceeding  n  as  follows :  Take  the  two  given  parts  and 
one  of  the  required  parts,  or  if  but  one  of  the  unknown  parts  be  required, 
take  that,  you  will  thus  haie  under  consideration  three  parte  of  the  tri- 
angle.   One  of  thee  three  wdl  be  middle,  and  the  other  two  either  adja- 

'  Tlie  rule  may  be  read  without  radnis  which  must  b.i  anderatood  a»  entering  ttw 
Wsulting  formulas,  in  sccordanee  with  the  principles  of  liomogeneity. 
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Mat  or  opposite ;  apply  the  rule  of  NapLer.  and  you  wlil  have  an  equation 
resnlljng  which  will  contain  the  two  given  parts  and  the  required  part; 
make  tlie  required  part  tiio  uaknown  quantity  in  the  equation,  and  resolve 
it,  you  will  thus  obtain  the  value  of  the  required  part  in  terms  of  the  two 
which  were  given.  By  applying  logarithms  to  this  value,  you  will  have  it 
in  degrees,  minutes,  and  seconds. 


90.  Given   the   sun's   right    ascension   and    declination   to    find    hi« 
longitude. 

Ut  the  parts  of  the  right  angled 
spherical  triangle  eqs  represent  the  same 
circles  of  the  celestial  sphere,  as  at 
Art.  80  ;  a   and  5   are  given,   and   /  is 


Of  these  three  parts  a,  S  and  /,  a  and 
&  are  contiguous,  and  I  is  separated  from  tlieni  by  a  part  on  each  side ; 
therefore  I  is  the  middle  part  and  a  and  S  are  opposite  parts.     Applying 
Napier's  rule,  remembering  tliat  the  compleniont  of  the  hypotheniise  I  is 
to  be  employed,  wo  have 

sinofcorap./=M8  a  cos  5 

cos  i  =  COS  a  c<«  i 

91,  The  same  being  g^ven,  required  the  obliquity  of  the  ecHptJc 

The  required  part  is  the  angle  B  in  the  figure.     Of  k,  a  and  5,  since 

the  three  are  contiguous  leaving  out  the  right  angle,  a  is  the  middle  part, 

hence  applying  the  rule  of  Kapier, 

sin  K  ^^  tan  5  cot  k 

We  put  cot  E  instead  of  tan  b,  bucause,  according  to  the  directions 
before  g^von,  the  complemenls  of  the  oblique  angles  are  to  be  employed 
Taking  the  value  of  cot  e  from  tlie  above  equation,  we  have 


The  sun's  b.a  on  Ist  of  May  18S0  is  2*  03"  !0"42,  and  his  declination 
at  the  same  time  15°  3'  2"'4  reqiured  his  longitude  and  the  obliquity  of 
the  ecliptic. 
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a  38°  17'  36' 

'•30 

log.c 

OS  9'89479 

log.  sin    9'7921Y 

S  16°    3^    2" 

'•4 

log.  c, 

OS  9'38484 

log.  tan    0*42959 

I  40°  43'    5" 

'•86 
•4G 

.  log.  c 

OS  9'87963 

B  23°  27'  25" 

log.  cot  10^3C259 

In  the  solution  of  tlie  above  triangle  it  will  bo  observed  that  we  tave 
found  each  of  the  unlinowji  parts  in  tficms  of  the  two  given,  and  have  not 
employed  one  of  those  fiist  calculated  to  obtain  another.  This  is  agree- 
able to  the  principle  laid  down  at  Art.  41,  of  plane  trigonometry,  and  the 
reason  is  the  same.  Such  a  method  of  proceeding  is  always  practicable 
in  the  solution  of  right  angled  spherical  triangles. 

In  the  examples  wliicli  we  have  taken  above,  we  have  supposeJ  the 
base  and  perpendicular  of  a  right  angled  spherical  triangle  given.  Any 
other  two  parts  being  given,  each  of  the  unknown  parts  may  be  calculated 
by  the  aid  of  Napier's  rules,  in  a  manner  entirely  similar  to  what  has 
been  just  csliibited. 


1.  In  tlio  spherical  Itiangle  auc  right  angled  at  a,  given   tiie  bypothon 
S'  and  the  angla  c  48°  19'  to  find  B,  h  and  e 


l  Given  a  127"=  12',  c  141°  It'  to  fmiS  h.  b  and  c. 


(  n  64°  46'  14" 
)  6  55  7  32 
(  c    43    33    19 


b     39°    6'  2G" 

At,!.  \k     .59     23   24 

(  u  128      G  2G 


!  angles  E  Hi"  H',  c91o  11'  to  find  tho  lliree  sides. 

f  1    89°  32'  28" 

■    Ann.  ]  J   111    48   48 

C  c    91    IG     8 


N.  B.  If  Ihe  given  quantities  in  a  riglit  angled  Irianele  bu  a  side,  and  ila  oppodti 
angle,  there  wilt  be  legitimate  amhiguitf  in  the  BDlntion. 

In  ail  other  cases  no  ambiguity  properly  exists,  bnt  lo  avoid  error  it  is  necessary  li 
observe  the  two  following  principles. 

1.  "The  greater  Mde  is  opposite  lo  the  greater  angle. 

2.  An  angle  and  the  opiJOHie  side  are  of  the  same  aHection,  t.  e.,  both  greater  o 
both  less  than  90°. 
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92.;  Given  tlie  sun's  declination  to  find  the  time  of  his  r 
tiiig  at  any  place  wlioae  latitude  is  known. 

l^et  »  B  a  Q  represent  the  meridian  „ 

of  the  place,  z  being  the  zenitli,  and 
HO  tlie  iioi'izon,  and  let  s'  «''  bo  the 
apparent  path  of  tlie  sun  on  the  pro- 
posed day,  cutting  the  horizon  in  s. 
Then  the  arc  ez  will  be  the  latitude  of 
the  place,  and  consequently  eh,  or  its 
equal  go,  will  be  the  colatitude,  and 
this  me-isures  the  angle  oaq;  also  as 
>vill  be  the  sun's  declination,  and  ah, 
I'j.prM'ied  ill  time,  will  express  the  time 
of  sunrise  from  6  o'clock,  for  was  is  the  G  o'clock  hour  circle. 

Hence,  in  the  right  angled  triangle  sar,  we  have  given  Rf 
opposite  angle  a  to  find  ar,  the  time  from  6  o'clock. 

Required  the  time  of  sunrise  at  laiituJo  40°  43',  when  the  s 
iialJonis23°-2^' 


By  Napier'a  rule, 
Bad.  sii 


in  AH  =  cot  A  tan  as  =  tan  lat.  tan  ^ec 
23°  27'  log.  tan  9-63726 

40°  43'  log.  tan  9*93482 

21°  55'  13"  log.  sin     9*57208 


60)87"  40   52" 
R  in  time        ~F~27°  41' 


4'  32'"  19'  time  of  s 


It  should  be  tiere  remarked  that  the  time  thus  determined  is  apparent 
lime,  which  h  tliat  wLich  would  be  shown  by  a  clock  so  adjusted  ss  to 
pass  over  24  hours  during  one  apparent  revolution  of  the  sun,  or  from 
it.-i  leaving  the  meridian  to  ila  return  to  it  again,  the  index  pointing  to  13, 
when  the  sun  is  on  the  meridian.    But  it  is  impossible  that  any  clock  can 

*  Dogreea  are  eonverled  into  houtH  by  mulliplying  l)y  4  and  dividing  by  SC, 
whicli  is  oqulvatent  (o  divlding'by  15. 

10 
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be  so  adjusted,  because  tlie  interval  between  the  si 
Bun  to  tlio  meridian  ia  continually  varying,  on  account  of  tlie  unequal 
motion  of  the  sun  in  its  orbit,  and  of  the  obliquity  of  tHe  ecliptic ;  each 
of  these  varying  intervals  is  called  a  true  solar  day,  and  it  is  the  mean  of 
these  during  the  year  which  is  measured  by  the  24  hours  of  a  well  regu- 
lated cloclt,  this  period  of  time  being  3  mean  solar  day  ;  hence,  at  certain 
periods  of  the  year,  the  sun  will  arrive  at  the  meridian  before  the  clock 
points  to  12,  and  at  other  periods  the  clock  ivil!  precede  the  sun;  tho 
small  interval  between  the  arrival  of  the  index  of  the  clock  at  12  and  of 
the  sun  to  the  meridian,  is  called  the  equalion  of  tnm,  and  it  is  given  on 
\ittgca  I,  and  II.  of  each  month  of  the  Nautaeal  Almanac  for  every  day  in  the 
luontli ;  this  correction,  therefore,  must  always  be  applied  to  the  apparent 
time  determined  by  trigonometrical  calculation  to  obtain  tlie  mea^  titne 
or  that  shown  by  a  well  regulated  clock  or  chronometer,  or  vice  vend  and 
the  Nautical  Almanac  always  indicates  whether  this  correction  is  ad  h 
tive  or  subtractive.* 

A  third  bind  of  time  ia  called  siderial  time  A  sidernl  day  is  the 
jjeriod  of  revolution  of  the  earth  upon  its  axis  with  lefeieni*  to  the  fixed 
eta.Ts,  or  it  is  the  time  which  elapses  after  a  fixed  star  pisses  th"  mpiidian 
of  any  place  until  the  same  star  comes  to  that  mtiidian  agim  Owing  to 
the  apparent  mofion  of  the  auii  from  west  to  -^ist  along  the   staiB  about 

360° 

dtuly,  occasioned  by  the  real  motion  of  the  earth  m  iIb  annular  orbit, 

365i 

the  solar  day  is  a  little  longer  than  tho  siderial  because  when  the  men 
dian  of  a  place  has  revolved  with  the  earth  on  its  im"  from  wp^t  to  east 
to  come  under  a  certain  star,  the  sun  which  tlip  day  before  nny  have 
■  been  on  the  meridian  with  the  Rtar  having  rno\ed  a  httie  to  the  cT-st,  tlio 
meridian  has  a  littie  farther  to  revolve  towards  the  ca^t  to  come  under  tho 
sun  ao-ain,  and  thus  complete  tlie  solar  day.  The  difilreuLe  bpt^ieen  tho 
fjderial  and  solar  day  is  about  -3"  67".  Tlie  same  fised  stars  cro=s  the 
meridian,  rise  and  set  about  this  much  earlierf  every  day  The  sidernl 
day  is  divided  ijito  24  siderial  hours,  the  hour  into  60  sideiial  minutes  aod 
these  each  into  60  siderial  seconds.     Atpages]:584  586  5b6  5fi7of  the 

*  To  solve  the  alxive  problem  very  accurately  it  would  be  necessary  to  compute 
the  sun'H  declination  at  tlie  time  of  Buuriae  aa  deduced  approxiraatcly  above,  and 
then  to  go  over  the  calouiation  again.  The  Nautical  Almanac  ^vea  the  declination 
of  the  sun  at  noon  for  every  day  in  the  year,  and  of  the  process  for  determining  iU 
ilecUnation  at  any  other  time  of  the  day  we  shall  have  numerous  esamples  in 
Part  V. 

t  By  tliu  common  clock.      J  T!ie  Nos.  of  these  pages  chaiige  a  little  every  jeor. 
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.  Greenwich  Nautiea!  Almimac  are  what  are  called  tables  of  time  equiva- 
lents. On  pages  584,  685  will  be  found  for  any  given  interval  of  mean 
solar  hours,  or  minutes,  or  seconds,  the  equivalent  interval  in  siderial 
time.  And  similarly  on  pages  586,  587,  for  any  given  eiderial  interval 
will  Iw  found  the  equivalent  mean  solar  interval. 


ilequired   the  eqiiivaknt   of  an   interval   of  7'  28"  30'  of  maan   soiai 
time  in  eiderial  time.     From  page  584  the  equivalent 

of         7*  is  found  to  he     7'    1"     8'-99 


Ecqiiived  t!ie  solar  equivalent  of  22  '^- '  aO"  27'  (pago  086  N.  A.) 
22*  =  21'^  50"  23'*75 
30*"—  29    55*08 

27    =  20  '93 


22    26     45*76 


An  astronomical  clock  IS  onewhJi  Keps  aiierial  tme  V  common 
clock  may  he  made  to  do  tins  by  f-hortcnm^  a  little  the  pendulnm  Tho 
weight  attached  to  the  pendulum  is  usually  tumi^hed  with  a  screw  by 
which  it  may  be  lengtiieaed  and  shortened  at  pleas  iro  and  th3  should  le 
done  till  the  clock  goes  just  24  hours  from  the  time  a  star  makes  ita 
transit  over  tlia  nieri(^an  till  the  same  star  n 

The  exact  instant  of  a  star's  crossing 
the  mendian  is  obsoued  w'th  a  "  Tran 
ait  Instiument 

This  instrument  lonsi^ts  ot  i  tele 
scope  a  h  snppoit  I  Vy  t  hoiizontal 
axis,  e'K.h  half  of  which  f  an !  rf  s  i 
hollow  eoue  of  bnss  Jt  Uie  outer  etds 
of  which  arc  shoit  olil  cjlinlnca! 
pivots  whiJi  rest  upon  stone  pilhrs  e 
and  /  Mlled  jicrs  tie  latter  beng 
imbeddtd  m  a  mT«  of  misoi  ij  extend 
ing  a  fi-W  feet  I  el  w   tl      surtic  of  the 
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ground,  in  order  tliat  tlie  vibrations  occasioned  hy  passing  veliieles  or  tb« 
fcread  of  the  observers  may  not  be  felt.  ITie  pivots  of  the  axis  Ao  not 
rest  immediately  upon  the  piers,  but  upon  flat  pieces  of  brass  about  4 
inches  square,  and  an  inch  in  thickness,  which  are  screwed  to  the  top  of 
tiie  alone.  These  brass  pieces  have  a  notch  technically  called  a  y  or  v 
from  its  shape,  in  which  the  pivot  of  the  axis  rests.  The  part  of  the  piece 
of  brass  having  the  notch  or  v  is  detached  and  movable,  by  means  of  a 
screw  arrjmged  differently  at  the  opposite  ends  of  the  boriaontal  axis  e  d, 
so  that  one  end  may  be  moved  bonzontaljy,  and  the  other  vei'tically. 

The  exact  line  of  vision  directed  to  a  distant  object  is  marhed  by  two 
threads  of  spider's  web,  technically  called  wires,  crossing  each  otlier  at 
right  aiiglee,  at  a  point  in  or  near  the  optical  axis  of  the  telescope.  They 
are  stretched  across  a  ring  or  diaphragm  to  which  they  are  iastened  with 
wax,  and  this  ring,  wliich  is  smaller  in  diameter  than  the  tube  of  the 
telescope,  is  held  in  iU  place  by  screws  passing  through  the  tube,  having 
their  heads  outside.  By  loosening  the  screw  on  one  side  of  the  tube  and 
tightening  the  other,  the  diaphragm,  and  consequently  the  point  in  which 
the  wires  cross,  receives  a  lateral  motion.  The  diaphi'agni  is  placed  at  the 
focus  of  the  object  glass  neai  the  e^  e  end  b  f 

Tlie  whole  m'trument  just  descnbed  hit  to  bi  =,n  [laced  that  n'i  it 
turns  on  Ihe  pivots  of  the  hoiizontal  a\i''  the  lini  of  n'iion  along  the 
Optical  axis  of  the  telescope  shall  describe  the  pUrni  of  the  meudiaii ,  nar 
row  trap  door^  m  the  roof  and  side*  of  tlie  transit  room  serve  to  expose 
the  raerilian  to  vil.w  As  this  plane  i''  vertical,  if  the  line  of  iision  above 
mentJonod  be  exactly  perpendicular  to  ths.  aM"*  c  d,  whilat  it  the  same 
time  the  axis  is  ettctly  honzontal,  and  finally  the  telescope  pont  due 
north  and  south,  then  mil  the  required  position  be  attained  For  this, 
therefore,  three  adjustments  are  requisite  1  The  adju'^tment  of  the  lino 
of  collimation*  in  a  perpendicular  to  the  supporting  ivi*  c  d  2  The 
adjustment  of  the  supporting  atis  to  i  horizontal  prsitiun  3  The 
sdjiistmflnt  of  Ihe  line  of  coHimation  to  the  men  ban 

The  method  of  makinj^  these  "several  adju'itments  we  shall  d  stnbe  m 
their  order 

1.  To  eolhmate  the  tvAlrament — Brmg  the  interaction  of  the  wires 
upon  a  well  defined  point  of  some  distant  terrestrid  objeet  tike  the 
inslruijient  out  of  the  y°  and  roMrse  the  supporting  ixis  md  lor  cud , 
bring  the  ti?lcseope  upon  the  aamc  distant  point  and  if  the  intersection 
flf  the  wires  co\ers  it  exactly,  the  matniment  is  colhmated ,  if  not,  move 

*  I  e  the  line  of  vision  dDlormined  b;  the  inlci%Lt  on  of  ihs  wir<ia 
t  For  the  ilbminBtion  of  the  wires  eee  p   3GJ 
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thediapliragnieontaiiiingtlie  wires  bj  means  of  the  s-ijewB  U  the  side 
of  the  tube,  tJU  the  infersecfjon  of  tbe  wiiea  is  brought  half  wij  back  to 
cover  the  diKtaot* point;  bring  tl»o  cioss  who  on  thi  same  ur  some  otii"* 
point  3g;iin,  by  means  of  tlie  screw  m  the  y,  whiji  gises  i  horizonti^ 
motion  fo  the  whoie  instrument,  and  repeat  the  process  alreidj  dewribed, 
after  a  few  trials  the  point  will  be  found  to  be  exislly  co  eied  by  the 
intersection  of  the  wires  in  both  posilJons  of  the  telescope  This  indn^tei 
that  the  line  of  eoUimation,  or  line  determined  by  the  mterse<,tion  of  tha 
cross  wires,  and  the  distant  point,  is  exactly  perpendicular  to  the  axis  oa 
which  the  iiistoment.  turns  as  tho  object  end  of  the  tul  °a->po  la  clented 
or  depressed. 

2.  To  render  the  supporUng  axis  korizontal. — Th  i  is  done  by  meaiiB 
of  a  spirit  level,  of  which  there  are  two  kinds  for  the  purpose   the  h<>n 
ing  level,  aad  the  riding  or  striding  level. 

The  former  is  suspended  by  books  from  the  piiote  of  the  supporting 
axis,  so  as  to  hang  parallel  to  it  underneath.  The  htter  is  sustained 
above  tlis  supporting  axis  by  two  long  feet  with  notches  at  their  bottoms, 
by  means  of  which  it  stands  upon  the  pivots  of  thp  ixik 

First,  to  adjust  the  spirit  level  itself,  place  it  on  the  pivota  and  by 
meaDs  of  the  screw  in  the  r  at  that  extremity  of  the  ixis  whith  giiea  it  n 
vertical  motion,  bring  the  long  fur  bubble  of  tho  level  to  reach  exactly  the 
same  distance  on  either  side  of  the  centre  marked  with  i  zero  on  the  leve' 
scale  above  the  tube;  for  which  purpose  the  divisional  of  this  scale  are 
numbered  in  precisely  the  same  manner  ou  tlie  right  anj  kft  of  the  iwro 
Then  reverse  the  level  on  tlie  pivots,  turning  it  end  for  end,  and  if  tho 
bubble  still  reaches  the  same  distance  on  both  ades  of  tlie  Kero  the  level 
requires  no  adjustment.  If  not,  make  half  tlie  eorriction  by  filng  awiy 
the  notch  in  one  of  the  feet,  or  by  means  of  a  stiew  sometimei  added 
for  shortening  tlie  foot,  and  the  other  half  by  tho  screw  m  the  i  EeptAt 
this  process  till  the  adjustment  is  eoraplef«.     "When  the  level  itself  is  onca 


*  This  mar  '»  exliibited  wilh  the  error  of  uoUimaiion  ciag- 
garHted  in  ihe  annexed  diagram,  in  which  a  b  repreaents  thu  tup- 
porting  asie,  c  d  the  tcuo  line  of  colliraation,  c  o  tlie  erroneous 
pOBilion  of  the  line  of  collimation  in  tho  first  position  of  lliii 
instramenl  in  the  direction  c  a  of  the  abject,  and  c  e  the  position 
of  the  line  o!  <;olliniaUon  in  tha  rovoi-seJ  posilion. 
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adjusted,  the  auiiportiiig  axis  Ls  raude  lioiizontal  by  placing  tiie  level  upon 
it,  and  turning  tiie  screw  in  tlie  y  till  the  centre  of  tho  air  bubble  is  oppo- 
^to  the  zero  of  the  scale. 

3.  To  adjust  ike  instrument  lo  the  meridian. — Observe  the  inatrsnt 
that  Borne  circumpolar*  star  (the  pole  star  is  the  best,  from  the  slaw- 
noss  of  ila  motion)  crosses  the  vertical  wire  of  the  transit  instrument 
botli  at  its  superior  and  inferior  transit,  that  ia  above  and  below 
the  pole.  If  the  interval  of  time  between  the  superior  and  inferior 
transit  be  the  same  with  that  between  the  latter  and  the  next  superior 
transit  of  the  same  star  again,  the  instrument  is  in  tlio  meridian. 
If  not,  it  is  on  that  aide  of  the  meridian  on  which  tho  arc  desciibed 
by  the  star  between  the  two  transits  is  shortest,  and  must  be 
moved  a  little  by  means  of  the  screw  in  tie  y,  which  ^ves  horizontal 
motion,  and  the  same  observations  repeated.f  When  the  iostrumerit  is 
once  fixed  in  the  meridian,  a  meridian  mark  about  half  a  mile  distant  may 
be  made  upon  some  object,  set  up  if  necessary,  upon  which  the  vertical 
wire  is  to  be  brought  whenever  afterwm^Js  an  observation  is  to  be  made. 

Method  of  observing  the  meridiati  transit  of  a  star, — Before  describing 
this  we  shall  observe  that  for  diminishing  the  error  of  observation  there 
are  inserted  on  each  side  of  the  vertical  middle  wire,  one,  two,  or  three 
others,  making  three,  five,  or  seven  in  all.  There  is  also  attached  to  the 
ttupporting  asis  near  one  of  the  pivots  a  graduated  circle,  the  plane  of 
which  is  perpendicular  to  that  axis,  and  consequently  vertical.  This  drcle 
ia  graduated  so  tiiat  the  index  points  to  zero  when  the  telescope  points  to 
tlio  aenith,  or  else  when  the  telescope  is  horizontal,  so  that  when  the  tele- 
scope is  directed  to  a  star,  the  index  will  mark  tho  zenith  distance  of  the 
Bter  in  the  former  case,  and  ifa  altitude  in  tlie  latter.  The  star's  declina- 
tion being  known  from  the  Nautical  Almanac,  or  from  a  catalogue,  and 
tho  latitude  of  the  place  of  observation  being  also  known,  the  instrument 
may  be  easily  sot  so  that  when  the  star  makes  its  meridian  transit  it  will 
pass  tlrough  t!ie  middle  of  Uie  field  of  view  of  the  telescope.  For  it  is 
only  necessary  to  bear  in  mind  that  the  declination  is  the  distance  of  the 
star  from  the  equator  and  tiie  ktitude  is  the  distance  of  the  zenith  from 
ihe  equatorj  so  that  by  simple  addition  or  subtraction  of  these  quanti- 

•  A  circumpolar  star  ia  one  which  never  sels,  bnt  doseribea  daily  a  circla  round 
tho  pole  of  the  lieavens,  tlie  whole  of  which  is  visible  above  the  horizon. 

+  A  method  of  detormining  the  esact  deviation  from  the  meiidi.in,  and  the  oonae- 
qaenl  error  in  the  lima  of  meridian  transit,  will  he  presently  given. 

[  These  meaauros  ate  all  mudo  on  tho  same  groat  circle  of  tho  lieavons,  viz.  Iho 
meridian  of  tho  place  of  ob-orvatiou,  upon  which  the  star  is  supposed  to  be  al  the 
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estie    Is    ticeoft!      st     foTi  tie    cntl         ob        d      T  f  Ih 

sta  be  so  li  of  th  zen  th  an  I  o  ti  of  the  eq  ato  ts  dccl  nj 
t  on  m  ist  be  "!  btracte  i  fro  n  tlie  lat  t  da  to  ob  i  tl  e  zen  lb  distance 
If  thtj  star  be  south  ol  the  eq  itor  or  L  dec  bp  S  tho  dec  m  s 
be  added  to  the  Jjt  If  ti  e  star  be  K  f  the  zen  h  i  e  f  ts  N  doc 
exceed  tie  N  lat  of  tbe  f  1  ee,  tl  n  the  1  (  n  tleaubtact  ifomtb 
d"C  to  ol  tan  the  zen  tl  d  stacoe  The  ibo  e  defimt  ois  for  d  c  nd  k 
Bijlalwajsbi.  the  best  c,JidH.  It  the  instrument  be  giaduated  for^titudes 
insteid  of  zenith  distances  it  is  only  ntcessary  to  recollect  tbit  the  altitud 
is  the  complement  tf  thu  zei  th  distance  If  an  lufenor  trinsit,  oi  tiai 
sit  sub poh  f  a  circumptlar  stir  is  to  bo  tAen  it  miy  be  convenient  t 
rememb  i  thit  the  altitule  of  the  pole  i    equal  to  the  htitude    f  the 

The  mat  umunt  b  ing;  set  t  the  priper  altitude  so  that  nhen  the  sta 
crosses  the  meridian  it  will  be  'ure  to  be  seen  in  the  held  of  viev 
of  the  telescope  it  remans  now  iilj  to  lin>w  wl  en  tt  look  hi  lis  atrivtl 
at  the  meridian,  and  its  consequent  appearance  in  the  field.  This  is 
shown  by  the  astronomical  clock,  which  is  supported  upon  a  stone  pier  in 
the  same  room  with  the  transit  instrument.  This  dock,  when  correctly  set, 
should  indicate  the  zero  of  time,  or  0*  0"  0"  at  the  exact  instant  that  thft' 
vernal  equinos  is  on  the  meridian ;  then  at  the  instant  any  star  is  on  tins 
meridian,  the  clock  would  show  the  distance  of  that  star  in  time  from  the 
vernal  equinox  or  the  right  ascension  of  tlie  star. 

A  minute  or  two  therefore  before  the  clock  shows  a  time  equal  to  the 
right  ascension  of  the  star,  (for  whose  zenith  distance  or  altitude  the 
instrument  is  set,)as  given  by  the  Nautical  Almanac  or  by  catalogue,  place 
the  eye  at  the  telescope,  and  the  star  will  be  seen  entering  the  iield  of 
view,  and  moving  in  a  direction  contrary  to  its  real  motion,  t.  e.  from  west 
to  eastf  instead  of  from  ea.st  to  west,  because  an  astronomical  telescope 
inverts.  Bring  it  near  the  horizontal  wire,J:  by  means  of  a  clamp  and  tan- 
gent screw  attached  to  the  vertical  circle,  and  before  the  star  reaches  tJi^" 
first  vertical  wire  in  its  raotjon  across  tlie  field,  look  at  the  clock  and  take 
up  the  count  of  the  seconds,  which  keep  by  the  ear,  applying  the  eyo 
agsdn  to  the  telescope,  and  note  the  instant  the  star  crosses  or  is  bisected 
by  the  firat  vertical  wire;  record  the  second  in  a  blank  book,  then  look 

•  For  the  zenith  b^ng  90°  from  ihe  horizon,  and  ihe  pole  90^  from  the  equator, 
the  pole  will  be  just  as  fur  from  the  horizon  as  the  zenith  is  from  the  eijuator. 

t  Unless  it  be  making  Jlg  tvanait  suJ  polo. 

J  Or  between  the  two  horizontal  wires  if  thorc  ara  two  near  losoliior,  as  is  aome- 
limes  the  case. 
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at  Lhc  clock,  and  record  the  miiiulc  ;  the  hour  may  be  left  till  the  ohser- 
vHdoii  is  finished.  Take  np  the  count  of  the  second  t^n,  and  apply  the 
eye  to  the  instrument ;  by  this  time  fie  star  will  he  seen  approaching  the 
second  vevtieal  wire.  Observe  and  record  the  insEaiit  of  its  transit  over 
that  wire  in  the  same  way,  and  so  on  for  all  tlie  vertical  wires.  The 
sum  of  tlie  minutes  and  seconds  divided  by  the  number  of  wires  will 
give  the  minutes  and  seconds  of  the  tjme  of  passing  the  middle  wire,  with 
a  probable  error  of  -J-  or  y  (according  to  the  number  of  wires)  of  the 
srfor  if  the  observation  had  been  made  upon  fJie  middle  mire  alone.* 

»  Tlic  Btar  will  ofloii  be  acfln  bisocWd  by  a  wiro  E>etweEn  two  beatB  of  eceonda. 
'I'he  eye  lUen  notes  how  liir  from  the  wito  ihe  star  was  at  lliQ  beat  before  the  biBCBtion 
»ud  how  far  at  the  beat  after,  and  estimates  iho  fraction  of  a  Eeuond  at  which  the  bisec- 
tion look  place.  By  the  aid  of  eleclro-mag^etiBtn  the  exacl  instant,  to  a  very  small 
fraction  of  a  eecond,  may  be  not  only  observed,  but  recorded  without  the  trouble  of 
keeping  count.  The  arrangement  for  llie  purpose  is  as  follows :  A  wire  is  made  to 
<iommunieafe  from  one  pole  of  a  voltaic  haWery  to  the  brass  work  of  the  clock  ;  the 
c.Ioelricity  perrialea  all  tJie  brass  woii,  and  passes  down  the  pendulum  rod  ;  undar- 
itcath  the  pendulum  a  globule  of  mercury  is  supported  in  n  little  metallic'  cup  from 
wliich  a  wira  passes  to  a  magnel,  round  which  it  colls,  and  then  passes  on  to  the 
other  pole  of  the  battery.  Every  time  the  pendulum  vibialea  on  reaohnig  the  loweet 
point  of  its  arc,  it  dips  inSo  the  globule  of  mercury  for  an  instant,  and  thus  a.  eom- 
mnnioation  is  made  Eietween  the  two  polos  of  the  battery,  and  the  niagnet  acts,  draw- 
ing back  a  little  hammerwhieh  is  armed  with  aaharp  point  that  pricks  a  nanowsttip 
of  paper  made  to  pass  along  under  it,  at  a  uniform  rate,  by  clockwork.  The  intervals 
liotwaen  the  points  on  the  paper  will  correspond  to  seconds.  Two  wires  coromunicata 
dso  from  the  opposite  poles  of  a  battery  (one  of  them  coiling  round  a  magnet  close 
beside  the  magnet  already  mentioned)  to  a  wooden  block  heldin  the  hand  of  the  observer 
ill  the  instrument,  by  touching  a  button  in  which  he  connects  the  wires  communicating 
with  it,  and  the  magnet  then  acts,  causing  a  small  hammer  to  prick  uith  lis  Ehar|i 
point  the  narrow  strip  of  paper  a  little  on  one  side  of  the  line  of  pomis  ubioh  mark 
ilie  seconds.  The  precise  pofjlion  in  the  interval  between  two  even  seconds,  of  the 
instant  of  bisection  of  the  star  !)y  the  wiie,  is  thus  indicated  with  groat  precision,  and 
by  applying  a  eeale  with  a  vernier,  the  fraction  of  a  second  may  be  obtained  to 
Ihousaudlbs,  the  space  on  the  Eirip  of  paper  cori'esponding  to  a  ^cond  bemg  U'lUally 
from  half  an  inch  to  nn  inch.  The  obseYver  a!  the  end  of  the  obseivition  notes  on 
ibe  clock  tlia  minute  with  which  the  observation  closes,  and  writes  it  with  the  hour 
on  the  strip  of  paper  in  pencil. 

The  oven  minutes  in  the  line  of  dota  which  marks  the  seconds  on  the  strip  rl 
paper  are  indicated  by  the  omission  of  a  dot,  which  is  efleeted  as  fnllowq  To  the 
axis  whicli  carries  the  second  hand  of  the  clock  is  attached  a  fork  of  two  prongs, 
projecting  porpendiculatly  from  the  asis  ;  when  the  seoond  hand  has  made  a  com- 
plete revolution  of  the  clock  dial,  the  two  prongs  of  the  fork  dip  uito  two  globulea 
of  mercury  cammunicating  by  it  with  the  two  poles  of  the  battery,  one  of  which  wires 
cates  tliB  electricity  to  the  braes  work  of  the  clock  from  which 
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The  intei'val  betweeu  tlie  wires  oii^lit  to  ha  axMiUy  tlia  same.  As  this 
Is  Bcarcelj  attainable  in  practice,  the  mean  of  the  times  of  transit  over  all 
the  wii^  obtained  as  above  will  be  the  taioo  of  transit  over  an  imaginary 
wire  situated  very  near  the  middle  wire.  If^  by  sudden  cloudiness  or 
any  other  accident  the  transits  over  some  or  all  the  wires  but  one  should 
bo  lost,  tlio  time  of  transit  over  the  imaginary  middle  wire  may  bo 
obtdned  as  follows: 

Having  made  a  complete  observation  of  the  times  of  transit  of  some  star 
over  all  the  wires,  take  the  difference  between  the  mean  of  all  and  the  time  of 
transit  over  each  wire.  Multiply  the  iulerviUs  thus  obtained  by  the  cosine 
of  tlie  star's  declination  (see  Spher.  Geom.,  Prop.  2,  Cor.  6,  and  see  Navi- 
gation, Art.  99*),  and  the  products  will  be  the  equatorial  interval  between 
tiat  wire  and  the  imaginary  middle  wire,  or  the  time  that  would  be  occu-; 
pied  by  a  star  situated  ou  the  equator  in  traveling  the  same  iEferval.f 
The  equatorial  intervals  being  once  obtained,  to  know  tbe  time  of  any 
star's  passing  the  imaginary  middle  wire  from  the  time  of  its  passing  any 
other  wire,  divide  the  equatorial  interval  batwc  n  ii  n  u  ii  ■>  ^nll  the  mid  11^ 
wire  by  tie  cosine  of  the  star's  deelmation 

k  goes  down  the  pendalura  as  before  dastribad  When  liio  connexion  t.  maJr  hj 
Itie  fork  dipping  into  llio  two  globules  of  mercury  the  clectntity  goes  bick  to  the 
battery  by  tJie  aliorle^t  pDih  insload  ot  taking  the  cnui  o  doHn  the  pendulum  nnd 
that  beat  ia  lost  on  the  magnet. 

A  number  of  rapid  Etrokcs  of  tbe  button  »hich  impre^  a  corresponding  nnmbir 
of  points  on  the  paper,  serve  to  indicate  the  commt,neeinent  of  the  observation 

•  The  principle  alluded  tu  here,  which  is  ol  frujutnt  use  in  oatronom)  may  be 
Etated  thus  ;  the  ato  on  a  great  circle  comprehended  between  two  of  its  seeondaneK, 
ia  to  the  arc  of  a  small  circle  parallel  to  the  primary  comprehended  between  tiu> 
same  eecondaiies,  as  unity  is  to  the  cosine  of  the  distnnco  of  the  parallel  email  ciicle 
from  the  primaiy,  this  distance  being  measured  on  one  of  tbe  joeondaries. 

The  foutlli  term  of  the  proportion,  instead  of  the  cosine  of  tho  distance  from  the 
primary,  may  be  the  sine  of  the  distance  from  the  pole  of  the  primary  or  the  point 
in  which  tho  two  secondaries  meet. 

t  For  as  the  length  of  arc  passed  over  between  two  liour  circles  in  Ihe  same  time 
on  the  equator,  and  on  a  parallel  of  declination,  is  as  the  cosine  of  the  declination 
to  1,  EO  the  limea  ot  passing  over  the  same  length  of  arc  (aa  for  instance  that 
included  between  the  wires)  on  the  equator  and  on  a  patalli'l  of  declination  will  be 
in  tbe  same  ratio. 
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niC  transit  of  the  star  [3  Vrsis  Minoris,  wiioso  declination  was   74°  48' 
was  observed  as  follows  ; 


I.     ]4 
II.     U 


IS -2 
22-5 


I.  and  III*  +   I31-18 


11.  and  III. 

IV.  and  III. 

V.  and  III. 


66-16 

-  G5-82 

-  131-03 


5)70'    250'"   no-!) 

14*      60"*     22-18 'feieij 


2'1I'7S7 
s  £l-41!)54 
iiiitinf.  34' -iT  log.        I'SSVit 


131'*18  log. 
74°  46'  log.  ( 


IV.  and  in. 

05*82  log.  1'81830 

<l'41954 
1-23790 


6J-98  hg.   1-81941 

9-41954 

17  -33  log.  1-23895 


;.  2*11734 
9*41954 


34-42  log.  1-5 


oquatint".  17-29 

Mardi  8th,  1850.  The  star  e,  Cania  Majoris,  was  observed  on  the  Vth 
wire  only.     Time  of  transit  over  that  wiro  6*  54"       3-8 

equal.  int«rv.  34-42  log.         1-53681 

gtitr's  dec.  (N.  Aim.)  28°  46'  16"*89  log.  cos  9-94277 
int.  on  par.  of  dec.  39-27  l<^.  1*59404 

CovreetioD  —39-27 

Transit  imaginaiy  middle  wire  C  53""  24-63 

To  compute  the  effect  of  error  of  level  upon  the  time  of  meridian  transit. — 
It  will  be  first  necessary  to  deteimine  the  inclination  of  the  support- 
ing axis  to  tbc  horizon.  For  this  purpose  place  the  striding  level  on  the 
pivots,  and  talft  the  readings  at  both  ends  ;  suppose  as  in  tie  diagram  the 

"  lil.  here  and  below  stand  for  the  imaginary  midillc  wire. 
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vieat  end  icula  40  ml  tlii. 
(i3t  20  It  IS  evidput  tint 
eii-ii  end  jf  tbc  bubble  stuod 
fit  30  whpn  the  le>cl  was, 
horizontal  and  tliat  cacli  his 
miH-ei  10  divisions  »  which 
IS  obtamei  bj  taking  the  dif 
ferenca  between  the  readings  of 
the  east  and  west  end,  and  dividing  by  2.  So  that  if  i  denote  the  incli- 
nation of  the  supporting  axis  aft  to  a  horizontal,  and  i'  the  inclination  of 
tlie  ievei  to  ab,  i  -f  i'  will  denote  the  inclination  of  the  level  to  the  hori- 
7/10,  and  we  have  {u  denotjng  the  west  reading  and  e  the  east). 


i  +  i- 


.0) 


lloversing  the  level,  supposing  i'  to  be  groatiir  tluiti  i,  tlie  enst  e-nd  will 
V  be  the  highest,  but  the  incli- 


nation to    the    horizon 
longer  bo  the  sum,  but  the  differ- 
ence of  the   inclinations   i  and  i', 


n: 


n(l),  and  dividing' by  2  vve 


If  i  be  greater  than  i',  after  reversing,  the  west  end  would  still  be  the 
highest,  and  wo  should  !ia\'o  instead  of  (2) 


Adding  (1)  and  (3),  there  results  after  dividing  by  2 


*  The  gioss  tube  is  a  poition  of  a  circle  of  large  radius,  bo  tliat  ilio  n 
llio  bubble  indical«3  the  angular  movement  of  the  level.  To  find  the  angular  vsh.ie 
of  a  division  of  tha  level  seale,  place  the  level  on  the  telescope  of  some  instrnmenl 
to  wliich  a  large  vertical  circle  U  attached,  Tnrn  the  ciivle  till  the  bubble  passes 
over  a  number  of  divisions  of  the  scale,  which  will  be  equal  to  the  degree?,  miontea, 
fee,  through  which  the  circle  has  moved  i  divide  this  number  of  degrees  and  frae- 
lioiia  of  a  degree  by  tbe  number  of  divimons  of  the  level  scale  passed  over,  and 
Iha  quoSient  will  he  the  value  of  one  division  of  the  scale. 
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If  tlie  east  end  of  tlie  supporting  axis  be  tlie  highest  instead  of  the 
ii-eat  end,  as  we  have  supposed  above,  a  similar  oourso  of  reasoning  would 
produce  the  formula 

4 
whic}i  is  the  same  as  the  above,  changing  e  and  e'  for  u  and  u'.     Both 
formulas  may  be  expressed  in  one,  thus 


(,  +  ,)-("+"■)_ 


(<) 


wliicU  is  the  formula  always  to  be  employed  for  obtaining  the  inclination 
of  tlie  Bupporting  axis, 

N.  B.  If  the  sum  of  the  east  readings  e5:eeed  the  sum  of  the  west 
readings  tlic  cast  end  of  the  asis  is  too  liigli,  and  vice  vet-sd. 

Krst  position  of  tlie  level  e  50  u    40 


(,  +  ,■)  ~(»  +  ^0      82* 


n  of  level  scale 

i  in  seconds, 

(  have 


40" 


As  a  veriliealjon  that  the  level  readings  have  been  correctly  noltd  it 
may  be  observed  that  e  -|-  u  should  be  the  same  in  both  positions  of  the 
level,  being  the  lengtli  of  the  bubble  which  may  be  supposed  not  to 
change  from  the  effects  of  temperature  during  an  observation,  Thus  in 
tlie  above  esample  50  +  40  =  24  +  66. 

To  compute  now  the  effect  of  the  inclination  of  the  axis  as  determined 
above,  upon  ilie  time  of  transit,  let  iizo  be 
tlie  vortical  circle  in  which  the  telescope 
would  play,  when  the  supporting  axis  was 
horizontal,  niO  the  circle  in  which  it  plays 
when  the  supporting  axis  is  inclined  ;  then 
£Ci  measured  by  the  arc  z  >  is  the  inclination 
of  the  planes  of  these  two  circles,  and  equal 
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to  i  the  inclination  of  tlie  supporting  axis  to  t!ie  horizon.  Tiie  length  of  tho 
arc  s"  described  by  a  star  at  s,  in  passing  from  the  vortical  to  the 
inclined  circle  in  ivhich  the  telescope  plays  is  expressed  by  ztsinoa. 
(See  Sphor.  Geom.,  Prop.  IT.,  Cor.  C),  that  is 


a  being  the  altitude  of  the  star.  P»ut  tlio  length  of  an  arc  of  the  equatoi 
similar  to  s>  is  expressed  by  s»  -:-  cos  5,  S  being  the  star's  declination. 
(See  note  on  p.  153,  and  Spher.  Geom.,  Prop.  11.  Cor.  6.)  This  arc  of  the 
equator  is  converted  into  time  by  dividing  by  15.     Uence 


i.^150 


15  c. 


13  Uie  difference  of  time  between  the  passage  of  the  star  over  the  middle 
wire  of  the  telescope  when  the  supporting  axis  is  inclined,  and  its  passage 
over  a  vertical  circle.  S.  B.  1.  The  altitude  of  the  star,  designated  by  a 
in  the  above  formula,  is  obtmned  from  its  declination  given  by  catalogue,  and 
(he  latitude  of  the  place  aa  at  p.  150.  2.  If  the  eiiat  end  of  the  support- 
ing axis  is  too  high,  the  telescope  is  throivu  to  the  nest  of  its  proper  posi- 
tion, and  the  star,  moving  as  it  does  from  cast  to  west  by  the  diurnal 
motion,  passes  the  wires  too  late  ;  the  correction  therefore  found  as  above  is 
then  subtraotive.  If  the  west  end  bo  too  high,  the  star  passes  the  wires 
too  soon,  and  the  correction  is  additive. 

To  compute  the  azimuth  error  of  the  instrument  and  Us  effect  upon  the 
time, of  trwisit. 

This  error  arises  fi'om  the  deviation  from  the  meridian  of  the  vertical 
drdewhich  the  line  of  coUiniatiwi  describes,  or  to  which  the  circle  tliat  it 
describes  is  reduced  aa  above. 

The  most  ready  way  of  determining  the  amount  of  deviation  and  its 
iitfect  on  tiie  time  of  transit  is  by  "  the  method  of  high  and  low  stiis,"  as 
it  is  termed,  that  is  by  tho  transit  of  a  star  near  the  zenith,  and  one 
remote  from  it  or  near  the  horizon,  whose  right  ascension  and  consequent 
time  of  transit  does  not  differ  nmch  from  the  former. 

To  understand  this  let  it  first  be  supposed  that  ono  star  passes  the 
meridian  exactly  at  the  zenith,  and  Uiat  tlie  other  passes  near  tho  horizon, 
and  let  it  be  supposed  also  that  the  stars  have  the  same  right  ascension. 
If  tho  instrument  were  exactly  adjusted  to  the  meridian  so  that  the  optical 
axis  of  tiie  telescope  moved  in  the  plane  of  that  circle,  then  tlie  two  stars 
would  be  on  tiie  middle  wire  at  the  same  instant,  if  the  telescope  could  be 
brought  down  instantaneously  from  the  high  to  the  low  star.     But  if  the 
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circle  in  which  the  telescope  plays  make  a,  small  n^ie  (call  1  the  angle 
of  deviation  or  azimntli  error)  with  the  meridian  then  t)  e  b  pportinff 
axis  being  supposed  horizontal,  when  the  teleBCO[,e  a  erteal  twll]o  t 
to  the  zenith,  in  which  all  vertical  circles  as  well  tl  e  mpnJ  an  tereecl 
and  the  zenith  star  will  be  on  the  middle  wire  at  tl  e  san  e  nstant  sa 
before,  but  Uie  lower  down  the  otlier  star  is.  tlie  w  der  v  II  t  t  n  e  oi 
transit  over  the  middle  wire  differ  from  that  of  its  trins  t  over  t!  e  me 
dian,  becausa  the  &rther  will  the  vertical  circle  vih  h  the  tele  cope 
describes  be  from  the  meridian,  the  farther  we  go  f  on  tl  e  ze  tl  wl  e 
they  intersect.  The  greater,  thi;refoT0,  the  diffcre  ce  botneen  tl  e  t  me  ot 
transit  of  the  zenith  star  and  tlie  low  star  over  the  w  re  of  tl  e  nstru  en 
aa  compared  with  the  diflerence  of  their  times  of  trans,  t  er  the  n  e  i  i  n 
which  in  the  case  supposed  is  zero,  tlie  gi'ealer  the  deviation  of  the  \erti 
Cal  circle  deaw'ibed  by  the  instrument  from  the  meridian.  Now  it  is  not 
.  cecessaiy  that  tLe  high  star  should  pass  exactly  at  the  zenith,  but  only 
near  iL  If  the  difference  of  the  observed  time  of  transit  of  the  high  and 
low  star  be  equal  to  the  difference  of  tiieir  right  ascensions,  that  is,  of 
tlieir  limes  of  passing  the  meridian,  the  optical  axis  of  the  telescope  moves 
in  the  plane  of  the  meridian  ;  if  not,  tliis  axis  describes  a  vertical  circle 
which  deviates  from  the  meridian,  and  the  amount  of  this  deviation  and 
tie  consequent  error  in  the  lime  of  meridian  transit,  we  proceed  now  to 
show  how  to  determine. 

Let  the  full  circle  in  tlie  diagram  repre- 
sent the  horizon,  z  the  zenith,  p  the  polo, 
and  consequently  pz  tlie  meridian.  Let 
za  represent  the  vertical  circle  described  by 
the  telescope,  s  the  place  of  a  star  where 
it  cros'ies  it,  and  appears  on  the  middle 
wire,  and  ps,  the  declinalaon  circle,  pass- 
ing through  the  stir.  In  the  spherical 
triangle  pzi.  in  which  the  hour  angle  p 
represents  the  time  that  baa  elapsed  since  the  star  s  passed  the  meridian, 
Fz,  before  it  reached  the  wire  of  the  telescope  in  the  verlieal  zs,  we  have 
by  the  sine  proportion 


From  which,  taking  p  in  place  of  sin  p,  since  it  is  a  very  small  angle, 
and  z  the  small  angle  of  deviation  of  the  vertical  zs  from  the  meridian  in 
place  of  the  sine  of  its  supplement  pzs,  which  is  als6  its  own  sine,  and 
repr^enting  zs  by  ^  and  the  complement  of  ps  or  the  declination  of  the 
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jstar  by  S,  multiplying  tho  means  of  the  propoJ'Liwi  and  dividing  by  Uie 
kst  term,  we  liave 


i  S* 


(0 


^  may  be  found  as  at  p.  lijO,  by  supposing  a  to  be  on  the  meridian,  with- 
out sensible  error,  bj  means  of  die  latitude  of  the  station  and  declination 
of  the  star, 

liepreaont  the  fractional  part  of  the  aboi  e  ibrmula  by  «.     It  becomijs 

(2) 

Suppose  now  another  star  crossing  tiie  iniiridiaii  nearly  at  the  same 
time.     For  tlus  we  have 

(3) 

Let  now  t  represent  tlie  observed  time  of  transit  of  the  bier  star,  a  its 
right  ascension,  ('  and  a'  the  same  for  the  other  star,  and  let  e  denote  ths 
error  of  tlie  clock  which  may  be  supposed  unknown.  For  tlie  former  star 
(since  a  is  the  time  of  its  passing  the  meridian),  we  shall  have  for  the 
value  of  tlie  hour  angle  when  it  makes  tlie  tivmsit  of  the  middle  wire, 

P  =  l  +  .-«  (4) 

And  for  tlie  other  star 


By  subtraction  of  (5)  from  (4)  the  ei-ror  of  the  cluck  e   is  eliininatejl, 
and  there  results 

,_,■  =  (;_,■)-(,-,■)  (6) 

Substituting  for  p  and  !■'  in  (G)  their  vnliies  ^ivon  by  (2)   and    (3),  (6) 


.(,'--»)  =(1-0  •-"(«"«■) 

The  value  of  the  azimuth  error  or  deviation  from  the  meridian  z  is 
thus  found  in  time.     To  convert  it  into  Kpace  this  value  must  be  mullj- 

*  In  the  later  catalogues  of  stars,  tlicir  norlli  polnr  distaiices  (n.f.ii.)  are  given 
infltead  of  their  declinations.  In  the  above  formula  sin  (N.p.p.)  would  of  course  be 
in  place  of  cos  J.  When  the  declination  of  the  bIbt  is  Bouth,  we  have  still  ain 
r3  =  cosf,  for3iQ{90°  + J)  =  ain  {SO^-J)  =cos  3.     (See  App.  Art.  13.) 

f  N.  E  I'hnt  (  -f-  e  is  the  true  time  of  the  obscrTod  transit. 
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jilied  by  15.  Tlio  instnimeni  may  tlien  be  adjusted  to  tlia  meridian  by 
turning  the  screw  of  the  t,  which  admits  of  horizontal  motion,  and  which 
has  usually  upon  it  a  graduated  arc,  by  means  of  whicli  the  movement  of 
the  iustrument  in  ninmuth  m  indicated. 

To  compute  the  etf       f  1     azim  tt  th   fm     ft       't  tak 

the  value  of  z  as  gi\  {  )        m  bs      t*      be 

it  into  space,  in  eitb     (  )       (  )     h  g 

the  hour  angle  in  tim  bs   g  bs  ess 

ratio  of  two  tiigono  es 

The  value  of  P  is  ec  bs 

transit  of  the  later  s  ta  ts  m 

of  !■'  the  same  for  t 

)f  the  deviatjon  f   m  be  w        es  as 

the  diagi'sm*  where  mh  m     fo 

ihe  corroclJoa  for  a  ze     h 

north  additjve,f  unless  t] 

which  case  the  moti  pos  te  d  tb 

subtraetive.    This  is  pc  th      ag 

The  only  remiuning  co  cc  m 

coUimalion  when  this  ts    ea     bes      co        bo  g 

axis  as  an  axis,  and         po 

■lial  sphere,  describes  to        m 

and  at  a  very  shoi't  fr  T  es  tl  ea 

measured  on  parallels  ti  be  h 

same  without  sen^b  rs  b 

any  star  will  be  iuvc         is  ta 

The  equatorial  in  be  es  es         m  d 

by  moving  tlie  instr  azim  fte  m 

screw  in  tliat  t  whi  zo        m  h 

wires  ia  brought  bac    to        te  be 

reversing. 

The  degrees  and  ssed 

arc  on  the  t  will  ind     te  tl 

■  Which  will  evide 
devialioo  be  s.k.  and  n  eg  m 

Baacsby  thediagram.such  asoneHtarpasMng  1st  s  ofthazemlh  ''nd  suhpolo  to 
filstwritingthenvimBrDloriiithevalueofBin(7)    nd  t  ll  o  f  rm  (i— a)  —  {    —a) 

-t  The  only  difference  in  theabovB  diagram  for  a  alor  orth  of  lie  /e  1  woolJ 
be  ihal  iHe  angle  of  deviation  itself  instead  <  f  ts  Bupplen  e  t  (  ould  be  the  a  ^1 
of  ;!ie  Itionglu,  but  tho  proporlion  would  bo  tho  Ban  e 
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by  15,  will  ^ve  the  equatorial  value  of  it  in  timo.  This  divided  by 
the  cosine  of  any  star's  declination  will  give  the  effect  of  the  error  of  coi- 
Kmatlon  on  the  time  of  the  star's  transit. 

The  en'or  of  colliination  is  best  measured  by  means  of  a  movable 
vertical  wire,  to  which  motion  is  given  by  a  micrometer  screw,  as  described 
in  another  place. 

Should  no  distant  terrestrial  object  be  visible  from  an  obseiTatoi)',  owing  lo  inter- 
rening  objscis  noar  at  hand,  a  anuill  telascope  in  the  building  liaving  it9  object  glsstt 
lurnad  towards  tliat  of  the  transit  instruniont  may  serve  aa  a,  collimator.  The  rays 
of  light  proceeding  from  the  wires  at  the  focus  of  the  object  glass  of  the  small  tele- 
scope strike  Ihia  object  glaaE,  bi-b  refracted  by  it,  and  emerge  in  parallel  lines  ;  Ihef 
then  strike  the  object  glass  of  the  traiiat  instmment,  and  are  conveyed  to  the  focus 
of  parallel  rays,  which  is  the  astronomical  focus  ;  so  that  in  loolting  through  the  eye 
end  of  the  transit  instrument  the  wires  of  liie  small  teloECOpa  will  he  dtetinotly  seen. 
Care  should  bo  taken  to  throw  the  light  of  ^  window  or  lamp  in  at  the  pye  end  of 
the  small  telescope.     A  amilar  contrivance  may  bo  employed  for  a  meridian  mark. 

But  the  transit  instrument  may  be  made  its  ovm  collimator,  by  placing  a  vessel 
of  mercury  undemealh,  and  turning  the  object  end  of  the  telescope  downwards.  If 
the  axis  be  horizontal,  and  the  instrument  truly  eollimated,  the  wires  being  illuniinated 
by  an  orifice  in  the  fJde  of  the  eye  piece,  the  rays  of  light  will  pass  from  them  to  the 
object  glass,  emerge  in  parallel  lines,  strilio  the  surface  of  the  mercury  vertically,  h^^ 
reflected  back  in  the  same  linos,  and  converge  to  the  focus  of  the  object  glass  at  the 
Bams  points  which  ihey  left,  so  that  the  reflected  image  of  the  wires  will  be  seen 
coinciding  with  the  direct  image.  If  not,  there  is  either  error  of  collimation  or  of 
level,  or  both.  If  the  axis  bad  previously  been  made  horizontal  by  the  stnding  level, 
it  is  the  latter,  and  the  diaphragm  containing  the  wires  must  be  moved  tdl  there  la 
coincidence  between  their  direct  and  reflected  images  ;  or  a  movable  wire  may 
serve  to  measure  the  interval  between  them.  Tliis  interval  is  donblo  (he  colhmatiou 
error,  because  the  angle  of  incidence  is  equal  lo  the  angle  of  reflection,  the  former 
being  on  ono  side  the  vertical,  the  latter  on  the  other.  If,  therefore,  the  direct  anigo 
of  the  wire  be  brought  to  the  vertical  by  the  screws  of  the  diaphragm  by  a  movement 
over  half  tlie  dbtance  between  the  direct  and  reflected  image,  the  reHccted  image 
will  be  brought  there  loo. 

The  striding  level  need  not  be  used  at  all,  if  the  instmment  bo  reversed  in  the  !'. 
in  using  the  eollimating  eye  piece  with  a  basin  of  mercury,  for  m  one  position  of  the 
instrument  the  angle  obtained  hy  taking  half  ihe  distance  between  the  direct  and 
tefleeted  image  of  the  wires  is  the  sum,  and  in  the  reverse  position  is  the  difference 
of  level  error  and  error  of  oollhnalion.  The  well-known  algebraic  formula,  "  lo 
half  tlie  Slim  add  half  tlie  difference  for  the  greater  of  the  two  quantities,  and  from 
half  the  sum  snhtract  half  the  difference  for  the  less,"  will  serve  to  determme  those 
two  eiTOis  separately.  To  know  which  is  the  greater,  the  level  or  collimation  error, 
we  have  this  rule : — If  the  reflected  unage  in  bolh  positions  appears  on  the  same  side 
of  the  diiect,  then  the  level  error  is  the  greater  of  the  two,  but  if  on  diflerent  sides, 
the  collimation  error  is  the  greater.  All  this  will  appear  evident  if  the  student  make 
a  diagram  with  a  line  lo  represent  the  supporting  axis  with  level  error  eraggerated,  a 
11 
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line  perpendicular  to  lliis  at  the  middie,  to  reprB.=erit  tr 
line  from  the  ^ame  middle  point  oblique  to  represent  t 
tion,  a  horiiontu!  line  below  to  represent  the  aurfaoa  t 
point  where  the  erroneous  Ime  of  cellimation  meets 
making  the  Eame  angle  with  it  na  does  the  erron 
reversing  Itie  instriinicut  the  only  change  will  be  in  the 
which  will  now  make  the  anme  angle  on  the  other  side 
The  following  example  will  serve  to  illustrate  al!  th 
an  observation  with  the  trj 
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B. 
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i   GEMINOHCJI. 

Wirea-    in. 

7i  11^  ]i..5 
7    H     30 
7    11     4B-8 
7    12      7-5 
7    12    2G 

7J  ai"  33"2 
7    31    49-5 
7    32      7 
7    33    24-4 
7    33    41-7 

.™. 

5)35    59     03-8 

37    40    34-8 

Mean  of  Wires, 
Corf,  for  Collim.  Error* 
Corr.  for  Level  Error,  t 
Ooer.  for  Anim.  Error,  t 

Time  of  Mer,  Transit. 
Slar-a  R.  Asccn. 

Error  of  Clock. 

7    11    48  -TH 
+      -05403 
+      -093 
—    2-50 

7    32    0G-3G 
+      -05024 
+      -07397 
—    1-481 

7    11     4G-40C 
7    11     10  -20 

7    33    05-603 

7    31     27  -38  ,          1 

Seca-  36  -3111 

Sees.  37  •22311           i 

«  Collimalion  Error  (J  Geminorum)  thus  oblainecl  : 

Equattrial  Error  0-5         log. 

Deo.  N.  Aim.  March  8lh,  23o  15'  4"-9 
Collimation  Error      -05402 
Collimation  Error  (a  Cania  Minoris) : 
Equatorial  Error  -05 

Dec.  March  8th,    5°  36'  G"'5 
•05034 
I  Mean  of  the  two  stars  37'. 
For  Notes  t  and  t  see  next  page. 
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THARBIT    ri»BTEUME»T. 
JB  computed  as  follows ; 


e  +e'  226    40+0.'  244 

Multiplying  ihis  result  by  -3"  th«  know,  value  of  a  divMon  of  the  tevd  k.^ 
«  have  1"'35  as  Ihe  value  of  J  the  inclination  of  the  s 


Dec. 

29°  ]5'  5" 

r,  CO.  log. 

OS   U  UJOBU 

Lat.  of  Slal 
Zenith  dist. 

on,     40    43 

log. 

18    27  55 

COS  9'97704 

1"'35 

log. 

0-13033 

16 

S*82391 

•09233 

log 

2-M483 

Dec. 

50  SE'  6" 

at,  CO.  log. 

cos  o-ooaps 

Lit.  of  Swt 

on,     49    43 

Zenith  diBt. 

35      6  54 

log 

cos  9-91275 
0-13033 
8-8a39i 

•07397 

log 

a-aesoi 

Alin 

uti)  Enor  obtained  by  formulas 

— '-L 

-J')  — (■-•')  J, 

dn 

J 

j          obs'd  an 

e  iransit  ■  Cania  Min 

ria7*32" 
,     7   11 

6-96 

8-76 

30-  la-^ 

right  as< 

.  a  CaniB  Minoria, 

7   31 

27-38 

«'          "        " 

i  Geminotuni, 

7  n 

10-20 

ao-  ii"i8 

ft- 

-»'l  — (a  — "0 

1»(H 

Zenith  di^.  350    6'  53"-51og.  sin  9-75983 

Dccli.  S    36      6  •S  log.  cos  9^9m 

a  t653»  l-7fil81 

j  SEXaNQEDK. 

Dril.  22    IS     4  -9  log.  ot.  iM£539 

^  .34S2  )'53«0 
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it()4  SPHERICAL    TKIGOfJOMBTRY. 

The  correct  siderial  time  being  ascertained  by  the  transit  of  a  star  of 
known  right  ascension,  the  cowcct  mean  solar  tame  may  be  found  from 
this,  as  follows : 

The  Nautical  Aimanae  gives  on  p.  XXII.  of  each  month  the  raeao 
time  of  transit  of  the  lirat  point  of  Aries,  which  is  the  zero  of  siderial 
time,  and  may  be  called  from  analogy  the  siderial  noon.*  By  means  of 
this  and  the  table  of  lime  equivalents,  expliuned  at  p.  147,  the  mean  solar 
time  corr^ponding  to  any  given  siderial  time,  may  be  obtained  by  the  fol- 
lowing rule. 

Mean  solar  time  requhed  =  mean  time  at  ^rscrfiw;  siderial  noon  +  the 
ei^uivalent  to  the  piven  siderial  lime. 

EXAMPLE. 

To  convert  7*  H"  10"20  siderial  tune  (the  true  time  of  meridian  tran- 
sit recorded  above)  March  8th,  1850,  into  mean  solar  time  for  the  meri- 
dian of  New. York. 

Mean  lime  at  preceding  siderial  noon,  viz.  March  8th,      O'  56"  S0'*74 

p*    0"    0*      1      Corresponding    mean  f  6    58     51 '19 

For  given!        ji       o        I  solar  intervals  by  Tab.)       10     58 '20 

siderial  time,  j  jo        [time  equivalents,  p.586,j  9-97 

[  0-20  J  N.  A.  [  0-20 

Sum  mean  solar  time  required  8*    6"  30'*30 

Correction  foi'  lon^tude  of  N,  Y.f  48"68 


5    41  '62 


n  — n 

-2357    log.  1-37236 

('-' 

)-(=-.' 

1-09    log.  0-00860 
4-328    log.  0-63634 
15             log.  1-17609 

..  in  .pac 

,   C"-491   log.  1-81233 

%  4-323    log. 

0-63634 

log,  0-63624 

n.    -5779  log. 

1.76191 

n'    -3433  log.  1-53430 

p.S'-SOl    log.  0-39815  F.'1.481     log.  0-170.14 

*  To  obtain  the  mean  time  of  siderial  noon  at  any  place  having  a  diffarent  longi- 
tude from'  Greenwieb,  it  is  necessary  to  Bubtraol  9"8565  multiplied  by  the  boura  and 
fractions  of  an  bour,  by  wbieh  the  place  differs  in  long,  from  Greenwich  if  the  place 
beweel,  and  to  add  this  product  if  the  place  he  east  of  Greenwich.  Ah  the  daily  gain 
of  siderial  time  on  solar  is  about  3"  56*,  this  divided  by  94  or  H'-8565  will  be  the 
hourly  gain  or  the  hourly  motion  of  the  Hun  haekwaid  from  west  to  oast, 

t  This  ia  obtained  by  multiplying  9"856  by  4'-94  the  difference  of  lijngitude 
Hwtween  New  Yoik  and  Greenwich.    This  correction  may  be  applied  here  instead 
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CONVERSION    OF    TIME.  165 

Tlie  moan  solar  time  may  be  obt^ned  by  direct  observation  of  a  meri- 
dian to'anait  of  tiie  sun,  wbieh  is  made  by  tali'ng  the  tra  eit  of  eacb  limb 
of  the  sun,  that  is  to  eay  observing  the  times  when  tbe  sun's  disc  is  tan- 
gent to  tbe  wires,  both  upon  its  western  ind  eastern  s  de,  and  taldng  a 
mean  of  tbe  times  as  the  time  of  transit  of  the  m  s  centre,*  Or  more 
accurately  by  applying  as  a  correetdon  addit  vely  or  s  bti'aetiveiy  to  the 
bserved  time  of  transit  of  the  limb  the  time  oc  p  d  by  the  sun's  semi- 
diameter  in  passing  the  meridian,  which  is  given  for  every  day  in  the  yeai 
in  the  Nautical  Almanac,  p.  I.  of  each  month. 

To  convert  mean  solar  time  into  siderial  the  rule  is  as  follows. 

Siderial  time  required  =  dderial  time  at  preceding  raean  moon  +  titio 
equivalents  to  the  given  mean  time. 


1\)  convert  8*  5"  4r*62  mean  time  at  New  York,  into  siderial  t 

Sider.  time  at  preced.  moan  noon,  Gr.  viz.,  March  8t]i,  23'  3"  1 

Correction  for  long.  N.  Y.  -f-  ^ 


„  The  tab.  p.  518,  N.  ' 

tor  mean  |       a       o         I  -  -      - 

A.  gives  the  eqrav.  sid. 

intervals. 

I 


intervals.        .^  ^^         ;. 

0-63  J 


Sum  sid.  time  rer[uired  7'  11™  10*' 
IS  for  tbe  above  rules  are  sufficiently  evident. 


93.  Given  the  latitude  of  the  place,  and  the  declination  of  a  heavenly 
body,  to  determine  its  altitude  and  aKimutb  when  on  the  sis  o'clock  bout 

of  to  the  mean  time  of  siderial  nooa.  StrJclly  the  equivalent  of  4'"S63  in  solar  iatat- 
vals  should  l)B  applied,  or  48"68  may  be  applied  to  the  given  siderial  time  additiye(j 
before  taking  out  the  solar  eqnivalenle. 

*  A  colored  glass  over  the  oyo  piece  is  nece^ary  in  observing  the  Ban. 

t  The  Hum  amounting  to  more  than  94',  of  course  94'  moal  be  rqeoled  from  ilj  an 
after  reaclung  34*  ibe  siderial  time  begins  at  zero  again. 
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(60  SPBEBICAL  vi;k;c 

Let  Hzpo  bo  the  meridian  iif  t!io 
place,  z  the  zenith,  no  the  horizon,  f, 
the  piace  of  the  lieavenly  body  on  tlii,- 
MK  o'clock  hour  circle  vsp,  and  kbb  tho 
veElJcal  circle  passiug  through  it.  Then, 
ire  the  right-angied  triangle  sua  aio 
Known  ab,^  the  decIinaUon,  and  the 
iWigie  SAB,  or  arc  op,  the  latitude  of 
tie  place,  to  find  the  altitude  bs,  and  ab 
or  the  complomont  of  the  azimuth  ob. 


t.  Required  the  attitude  and  azimuth  of  Arctiirns  when  upon  the  Bia: 
o'clock  hour  circle  of  New  York,  lat.  40"  43'  N.,on  the  Ist  of  Jan.  1850; 
its  declination  on  tJiat  day  being  19°  57''56"  N. 

By  Napier's  rules  we  have 

Ead.  sin  bs  =  sin  A  sin  Aa 


40o  43'  log.  a 

19    57    56  log.  s 

»1L    12     62    12  log.  s 


,  9-81446 
I  9*53334 


li 


22 


log.  cos     9-87964 
log.  cot  10-43974 


log.  cot     9-43990 


94.  There  remains  one  case  in  the  solution  of  oblique  angled  spherical 
triangles,  which  we  have  deferred  to  this  place  because  we  wished  to 
employ  in  it  the  rules  for  the  solution  of  right  angled  triangles. 

'Biia  is  where  two  sides  and  tlie  angle  oppositef  to  one  of  tliem,  or 
two  angles  and  the  side  opposite  to  one  of  them,  are  given  ;  or,  as  it  is 
BOffletimes  expressed,  where  two  of  the  given  parts  are  a  side  and  its  oppo- 
nSa  angle.     In  sucli  a  case  we  may  proceed  as  follows  : 

By  means  of  the  proportion,  the  sines  of  the  angles  are  as  ilie  sines  of 
thA  opposite  sides  (Art.  81),  t!ie  unknown  part  opposite  one  of  the  g^ven  parts 
may  be  found.  Four  parts  of  the  triangle  will  then  be  known,  and  two 
will  remain  unknown ;  these  two  will  bo  a  side  and  its  opposite  angle,  to 
Snd  which,  from  the  vertex  of  the  unknown  angle  let  fall  an  arc  perpen- 


•  The  horizon  and  equator  inleraei 
t  The  lerm  opposite  is  used  in  a  n 
lii-h  we  have  jittt  been  speaking. 


L,  90°  from  the  meridian. 

Ts,ct  sense  lierc  than  in  Napier's  rules,  o: 
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dicular  upon  the  unknown  side  opposite,  and  the  given  triangle  will  bfi 
divided  into  two  partial  triangles,  which  will  b«  right  angled,  and  in  each 
of  which  two  parte  ivill  be  known.  Applying  Napier's  rules  to  the  solu- 
tion of  these,  the  partial  angles  which  conipoae  the  unknown  anglo 
may  be  found,  and  their  sum  will  be  the  value  of  the  imknown  angle  ; 
then  the  unknown  side  opposite  may  be  found  by  the  proportion,  thp 
sines  of  the  angles  arc  as  the  opposite  sides ;  or  this  last  side  may  be  found 
by  calculating  Uie  two  parts  of  which  it  is  composed  from  the  right  angled 
bianglea,  and  adding  them  together,  which  is  the  better  method,  since  it 
avoids  arabignity.  If  the  perpendicular  arc  drawn  from  the  vertex  of 
the  unknown  angle  to  the  unknown  side  falls  without  the  triangle,  of 
coui'se  the  difference,  instead  of  the  sum  of  the  angles  and  sides  found  in 
the  right  angled  triangles,  is  to  be  taken. 

Thus  in  the  annexed  diagram  triangle  let  g 

the  wde  and  angle  opposite  given  be  c  and  v.,  "CT" 

and  the  other  given  angle  b.    Then  first 


by  means  of  which  proportion  6  may  be  cal- 
culated and  will  be  legitimately  ambiguous. 
Then  there   will   be   left  unknown  a  and  a.-^ 
From  A  let  fall  a  perpendicular  ad  upon  a, 

which  we  have  not  drawn,  lest  it  should  confuse  the  diagram,  but  which 
the  student  can  Imagine  ;  then  in  the  right  angled  triangle  b  a_d  we  know 
two  parts  B  and  e,  and  also  in  the  right  angled  triangle  c  a  »  we  know  two 
parts  c  and  h,  the  latter  having  been  found  by  the  proportion  abovd. 
To  calculate  the  partjal  angles  at  a,  calling  that  in  the  first  right-angled 
triangle  above  mentioned  u,  and  that  in  the  second  w',  we  have  hv 
Napier's  rules 

r.  cos  c  =  tot  !i  pot  td 
whence 


and  iit  the  same  n 
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'IIjus  all  the  jiarls  of  the  triangle  are  determinecl. 

For  an  application  of  this  case  of  solution  take  the  following 


Given  the  zenith  dietance,  a^muth 
and  polar  distance,  to  find  the  hour 
angle  and  colatitude  of  the  station, 
Or  in  the  disdain  given,  is,  z,  and 
I'S,  to  find  p  and  pz. 

Suppodng  the  declination  of  ^ 
star,  as  ^ven  hy  catalogue,  to  be  16° 

1  N  ind  its  ohaeiTcd  altitude  and 
i7imuth  to  he  39°  10'  and  75°  10' 

0  u  the   outh,  required  the  hour  angle  of  the  star  and  latitude  of  the 


—  i60  11'=  73°  49' a. 

C.log.Bi 

n  0-01756 

log,  col  9.46971 

180O— 750  10'=104°  50' 

log.  6: 

inU'Sssaeiog.c. 

03  9*40835 

aoo_39oi0'=  500  50' 

log.Ei 

in9'e89481og.ei 

5t  0-91095 

3'  25-12'=  51=  18' 

log.si 

a  9'89239 

Jog.coa9-79605 

17"  nH'  46" 

loS.K 

u!  0*49730 

65°     B'    G" 

log.  tan  10*33334 

;47    39    90" 

We  have  now  demonstrated  formulas  for  the  solution  of  eveiy  possible 
case  of  plane  and  spherical  triangles,  including  the  more  simple  formulas 
which  apply  exclusively  to  the  right  angled  triangles. 

The  examination  questions  which  follow  call  attention  to  the  most 
important  results  of  the  investigations  in  the  preceding  pages.  After 
these,  in  Appendix  11.  will  he  found  many  useful  matters  connected  with 
Spherical  Trigonometry,  for  which  it  was  thought  not  best  to  interrupt  the 
[.reneral  trmn  by  which  the  solutions  of  tiiangles  are  deduced. 

N'ote. — In  aissuming  hypothetical  cases,  care  must  he  taken  not  to  sup- 
pose such  as,  are  impossible.  The  following  ai'e  the  governing  prinraples 
to  be  observed. 

In  plane  triangles,  1.  One  ^de  must  bo  less  than  the  sum  of  the  other 
two  (Geom.  Ax.  13  Cor.)     2.  The  greater  side  of  a  triangle  is  opposite 
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to  the  greater  angle  (Geom.  Th.  9).     3.  The  sum  of  l.Iie  .angles  must  b« 
exactly  two  right  angles. 

In  spherical  triangles,  the  first  two  prinraples  also  apply  (SpLer.  Geom., 
App.  III.  p.  2,  and  Prop.  7),  4.  The  sum  of  the  tiree  angles  must  not  be 
less  than  two,  nor  greater  than  six  right  angles  (Spher.  Geom^  Prop.  14). 
5,  The  sum  of  the  threo  ddes  must  be  less  than  a  drcumference  (Spher, 
Geom.,  Prop.  8).  6.  Each  side  must  be  less  than  a  seraidreumference 
(Spher.  Geom.,  Prop.  8,  Note).  1.  Eneh  angle  must  bo  less  than  two 
right  angles  (Spher.  Geom.,  Prop.  8,  Note). 

HXAMIKATIQN    QUESTIONS    lit    TIllGOWOMETRY. 

What  ia  the  object  of  Trigonometry  1 

How  many  elemcua  are  there  in  a  triangle,  and  wliat  are  they  T 

Huw  many  elements  tnuat  be  given  in  order  to  determine  llie  rest  I 

In  plane  triangles  what  must  one  element  always  be  1     Why  1 

What  ia  the  difference  between  Goomelrieal  and  Tligonomelrioal  solntions  1 

Whieh  ate  most  aoouralel 

Are  trigonometrical  solutions  perfectly  aecnrate  ? 

Whence  arises  the  sery  small  maccuracy  %  Atis.  I'rum  the  decimals  naglocted  in 
caleulating  tables  of  logarithms. 

How  is  the  ciroiijnfereace  of  a  circle  divided  for  iho  purposes  of  Trigonometry  T 

What  ia  the  complement  of  an  angle  or  arc  X 

What  is  the  supplement  1 

What  are  complemeuts  of  each  other  in  n  right  angled  triangle  1 

What  is  (he  sine  of  an  are  f 

What  is  the  cosine  7 

The  tangent?    Cotangent!     Secant?    Cosecant  1 

What  Irigonometrieal  line  changes  its  sign  with  the  sine  7    Ans.  The  coseeant. 

lu  which  quadrant  arc  they  negative  t 
'  What  changes  with  the  cosmet    Ana.  The  secant. 

Where  are  they  negative  1 

What  Willi  tlie  tangent  7     Ans.  The  cotangeiil. 

Where  are  they  negative  I 

In  posfflngthrough  what  vfllueB  do  quantities  gencr.illy  change  their  signs!  Ant. 
Zero  and  inlinity. 

Wlial  ia  the  least  value  of  the  eiiie  7 

Wheteisit07 

What  is  the  greatest  valne  of  the  sine  7 

Where  is  it  radius  7 

How  many  times  docs  it  change  ita  sign  in  going  round  the  circumference  t 

What  is  the  least  value  of  tlie  tangent  7 

Where  is  it  07 

What  is  its  greatest  value  7 

Where  ia  it  infinite  7 

How  many  Umoa  does  it  change  in  goiog  round  the  circumferBaee  I 
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N.  B.  Lei  these  questions   be  repeated   for  the  secant,  ( 

To  whul  is  the  siiio  of  45°  equal  '.     -. 

The  tangent  of  45°  ^  i  Why  t 

The  sine  of  30°  I  > 

To  what  is  the  sidq  of  a  negalive  ate  equal  ! 

The  cosine  of  a  negative  are  7 

Tho  Tangent  1     SecanH    CotangantJ     Cosecant? 

To  what  is  the  siue  of  the  eupplcment  of  an  arc  equal  t 

The  cosine  of  the  supplement  T 

The  Tangent  T    Secant!    Cotangent!    Cosecant! 

To  what  is  the  sine  of  30°  plus  an  are  eqnal  ! 

TTie  eOBiue  of  90°  plus  an  are  ? 

The  Tangent!     Secant!     Cotangent?    CosecantI 

What  Ibrmnk  eKpresses  the  relation  between  t1«  sine  and  ci 

What  is  the  cjprcssion   for   the   tangent  in   terms   of   I 


Thu  eipression  for  the  secant  !      Aiis,  — 
J'ot  llie  cotangent  t    Ans.  ~r- 

How  aro  tho  tangents  of  two  arcs  to  each  other  X 

To  what  i3  the  tangent  equal  in  terms  of  the  cotangent !  Aita.  — ;  or  the  recipto- 
jiil  of  (he  cotangent. 

What  ja  the  foimda  foe  the  sine  of  the  sum  of  two  ares!  Ans.  Sin  (n  +  i):=8in 
a  cos  i  -|-  sm  6  cos  a  or  the  sum  of  the  teetanglos  of  the  alternate  sines  and  co^nes. 

The  forniula  for  the  suie  of  the  diiierenceT  Ana.  Sin  (o  —  i)  =:an  o  cos  i  —  sin 
Jcoso. 

B'or  the  cosine  of  the  sum  !  Ans.  Cos  (o  +  6)  =  eoa  a  cos  6  —  sin  a  sin  i  or  the 
difterence  of  the  rectangles  of  the  cosines  and  sines. 

For  the  coane  of  the  difietence  !     Ans.  Cos(o  — i)=cos  o  oos  6  + sin  a  sin  (>. 

For  the  sine  of  an  arc  in  terms  of  half  the  aro  1  Ans.  Sin  «  =  2  sin  j  a  cos  i  a, 
or  twice  tho  sine  of  half  the  aro  into  the  cosine  of  half  the  arc. 

From  what  is  this  fonnula  deduced  1 

TTie  tonnala  for  the  ooane  in  terms  of  half  the  arc  !     Ans.  Cos  a  =  cos'  J  a  — 

Whence  darised  !  ^^____ 

The  fonnula  for  the  sine  of  half  an  aro.     Avs.  Sin  ^  a  =  -/i—  J  cos  a. 


For  the  cosino  of  half  an  arc  »     Ans.  Cos   J  o  =  -/i  +  i  cos  'a. 

For  tlie  sum  of  the  sinca  !     Am.  Sin  p  +  sin  g  =  2  ein  i  ( p  +  9)  ci 

or  iwico  tiie  sine  of  half  the  sum  into  llie  cosine  of  half  the  diffijrcnce. 
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Tha  dillbrenco  of  the  sinosl  Ana.  Sin  p  —  sin  j  =  9  cos  \  (P+s)  s 
(P  — !). 

The  sum  or  iho  cosines  1    Ana.  Cofl  p  +  cos  ^  =  2  coa  ^  (p+g)  eo3i(p- 

Tlie  diflarenee  of  the  ooainaa  ]  Ane.  Cos  p  —  ooe  9  =:  9  sin  i  (j  +  J'}  ei 
W-P). 

What  is  tha  ratio  of   tlio    sura    of   tho  sines  to  tlie  difference  of   the  sir 

A„s  ""iC^  +  J)   ^ 
"  'tan  i  (p  — !) 
How  derived  1 

Of  (he  anni  of  tho  sines  to  tbe  Bum  of  the  cosines 
Of  tlia  difletenca  of  the  sines  to  tho  sum  of  tho  co 
Of  the  sine  of  the  sum  to  tho  sum  of  tha  ein^  1 


tan  of  half  tlie  sum  to  tan  of  half  tho  difference. 


ain  p  4-  Bin  g       a 

-sini(p  +  g)cos-i(P-T) 

Of  the  sine  of  tlie  sum  to  tho  diffErcnco  of  tho  pines !     Ans.  ~: 

WhatistlieformulafnrlliosinE  in  tormsof  the  tangentt     Ans.  1 

What  is  the  formula  for  the  tangent  of  the  sura  of  two  area  ? 
tun  a  +  tan  t 

For  [he  tangent  of  tlie  di 
From  the  tangsnt  of  tho  i 


"i(P  +  ?) 


Wiiat  ate  the  three  Ibrmulaa  for  tho  solution  of  right  auEled  triangles  ? 

Am.  (1)  Eadnis  :  the  hypothenuse  :  :  Moe  of  one  of  the  acuta  angles :  the  side 
opposite  :  :  cosine  :  the  side  adjacent  ;  or  radius  being  unity,  hypothenuse  X  sine  of 
either  acute  angle  =  dde  oppo^te  and  hyp.  X  cos  of  either  angle  =  side  adjacent. 

(9)  R  :  either  of  the  perpendicular  sides :  :  tangent  of  the  angle  adjacent  or  colan- 
genl  of  the  angle  opposite  :  the  other  side,  or  r  being  I,  one  porp.  side  X  tan  of  adja- 
cent angle  =  side  opp, 

(3)  Square  of  the  hypothonOEC  :=  sum  of  tho  aquarea  of  tho  other  two  flides. 
Square  of  either  perp.  side  =  rootangle   of  aum  and  dil'.   of   the  other  two  aides. 

In  a  right  angled  triangle  how  many  elements  must  be  given  T    Ans.  Two. 

Why  should  each  raqnired  element  be  found  in  terms  of  ihe  two  given  1 

In  finding  each  unknown  element  how  many  logarithms  will  be  employed  T 

When  the  logarithms  are  added  what  must  be  rejected  from  their  sum  ? 

When  one  is  subtracted  froni  tho  other  what  must  be  added  to  the  latter? 

When  the  hypothenusa  is  given  or  required  with  ait  angle,  wlijch  formula 
ia  employed  ? 
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Wlien  l&  hypotlienoBe  ia  neitber  givon  nor  requited  1 
When  two  aides  are  given  to  lind  tiie  third"! 


Two  Bides  and  iho  included  angle  of  a  triangle  being  given,  how  are  the  Othul 
elemonls  determined  1    Ana.  a  +  b  :  a  —  b  :  :  tan  h  {A  +  B)  :  tao  i  {A  —  B) 
A+S  =  180'>—C 

HA+B)  +  i{A-E)^A.HA+B)-HA~-B}  =  B 
SiaA:  a::emC:c. 
The  three  aidea  being  given  1 


Two  angles  and  the  inteqacent  side  being  given!    Ans.  1B0°  —  (ji  +  B)  =  C. 

Two  of  the  three  given  parte  being  a  side  and  its  opposita  angle  ?     Ans.  Ely  Ihe 
Hoe  propot^on,  or  ainea  of  the  angles  are  aa  the  opposite  sides. 

What  is  the  formula  for  the  eoabe  of  an  anglo  in  terms  of  the  three  sides  of  a  plane 

triangle  )     Ans.  Cos  A  =  — -^--^ '"  <"  '!ie  sani  of  the  squares  of  the  sid^  which 

.jontaui  it,  minuB  iho  square  of  the  opposilc  side,  divided  by  twice  the  rectangle  of  th« 
containing  sides. 
Which  is  the  fjindamenlal  formula  in  Spherical  Trigonometry  ? 


Upon  whnt  are  Napier's  rules  foundud  ?  Ans.  Upon  the  formnlas  in  right  angled 
spherical  Icigonomelry. 

How  many  parts  are  conadered  for  the  application  of  hia  rules  T 

What  are  they  !  Ans,  The  base,  perpendicular,  the  complement  of  this  hypolhe- 
nnee,  and  the  eomplements  of  the  two  oblique  angles. 

What  are  the  roles?  jitis.  Sm  of  the  middle  part=:  product  of  tlie  cosines  of 
.he  opposite  parts  :=  product  of  the  tangents  of  the  adjacent  parts. 

N.  B.  Radius  muEt  he  uitroduced  homogeneoasiy. 

When  two  parts  ate  given  how  are  the  rules  applied  t 


Three  Mdea  of  a  spherical  triangle  being  given  how  are  the  three  angles  found  7 

*  All  the  formulas  for  the  solution  of  spherical  tvinnglea  may  he  derived  from  tins  ; 
lot  applied  to  the  three  angles  it  givea  throe  equations  containing  the  kx  elements  of 
the  triangia  from  which  any  two  elements  being  eliminated,  an  equation  results  eon- 
taining  the  other  four  elomaala. 
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Jw,  By-lhe  formulaa  sin  M  =  A/^hllfSl^l^^-iHSl 

or  e<«  i  A=,y^MR^^E^ 

Why  is  not  the  formula  for  the  cosine  of  an  angle  in  terms  ol  the  t)ir6e  sid.sa 
auitablQ  for  the  spplication  of  logarithms? 
The  Ihtee  angles  teing  givon  how  ate  the  three  sides  found  t 

V  sin  fl  Biii  C 

Two  aiilsa  and  Iho  inuliided  angle  being  given  hnw  are  the  other  parts  found  1 
An».  By  Napier's  analogies.  Cos  4  ;a  -j-  J)  :  coa  J  (o  —  i)  :  :  eot  J  C  :  tan  J 
(^+5). fin  J  (o  +  S):3iii  J  (a  —  b):  :  cot  |  C  ;  tan  j  (A  —  S).  And  Uien 
i^A-i-  B)+  i{A  —  B)=Aa-adi  S<^ -f-B) —  J  (4~B)  =  B,  and  finally  the  aina 
proportion  sin  j1  ;  sin  5  :  :  sin  C:  sin  e. 

Two  angles  and  the  interjacent  ^de  bfing  given  7     ^713.     Napier'a  Aimloaies,  2d 

Cos  i  (^  +  B)  :  009  U^  —  -H)  :  :  tiD  J  c  :  t!,n  J  (0  +  J) 

Smi{A+S):^ni  {A  —  B)  :  :  t^n  i  c  :  tan  J  <a-h) 

i(a4.i)  +  J(a__i)  =  aand4(o  +  i)  — H"  — ')  =  i.^no-^n-^::siQc; 
einC. 

Two  of  the  lhr«o  given  parte  being  a  side  and  its  opposite  augle  t  Ans.  From  the 
Tertei  of  that  unknown  angle  which  ia  oppoaito  the  unltnown  side,  let  fall  a  pBipen. 
dicular  upon  this  side  and  apply  Napier's  rules  to  the  two  right  angled  [rianglea  Ibua 
formed.  The  parts  of  the  given  triangle  are  by  this  means  found  Mthor  direotlj',  or  by 
adding  the  paila  of  the  two  right  angled  triangles  together. 


What  ia  a  logarithm? 

What  is  the  constant  unmber  which  is  raised  to  a  power  calledt 
To  what  is  the  logarithm  of  the  base  equal  ? 
To  what  ia  the  logarithm  of  tinity  equal  I 
What  is  the  base  of  the  common  system  1 

In  the  common  system  what  is  the  logarithm  of  100  1     Of  1000 1 
Of  all  numbers  between  100  and  1000  ? 
Of  all  numbers  between  1000  and  10,000  ? 
What  is  the  entire  part  of  a  logarithm  called  ? 

How  does  it  compare  with  the  numl»r  of  digits  in  the  number  to  which  the  loga- 
rithm belongs  1 
How  is  the  logarithm  of  a  number  consisting  of  three  figures  found  from  the  tables  f 
Of  one  of  four? 
Of  one  of  more  than  four  1 
By  the  tables  of  Callet  1 

How  is  the  number  eorreaponding  lo  any  given  logarithm  found  from  the  tables  J 
What  is  the  rule  for  multiplication  by  logarithms  l 
For  division  1 
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Raiaing  of  poweial 
Entraclioii  of  roolal 

How  ia  the  logaolhmii;  Bine,  tangent,  fcc,  uf  any  nrc   foiiad  when  condsting  of 
degreea  nnd  minutes  only  1 

How  Ilie  log.  eino,  tangent,  and  Eecnnt,  wlien  of  seconds  »l3u  1 

How  tlie  cosine,  cotangent,  and  cosecant  in  ^e  last  cbeo  1 

How  are  the  logarithmic  secant  and  eoseoant  computed  from  tlie  logarithraio  siiie 

What  is  the  arithmetical  complement  of  a  logarilhmT 

For  logarithms  entering  in  what  way  into  formulas  ate  arilli,  eomp*.  usedl 

What  mast  be  rojected  from  the  logariliimie  Bum  for  each  ar.  comp.  used  I 


What  i3  the  axia  of  the  earth  J 

The  Biis  uf  the  heavens  ^ 

What  ia  tho  celestial  equator?    The  eclipijo  ? 

What  are  tho  equinoxes? 

What  iii'c  declination  circles? 

What  is  the  meridian  of  a  pkoc  1 

What  is  the  hour  angle  of  a  heavenly  body  1 

What  ia  the  horizon  of  a  place  1 

What  aro  tlie  poles  of  the  horizon  caliedl 

What  are  vertical  circles? 

Which  ia  called  the  prime  vetlieat  ? 

What  ia  the  declination  of  a  heavenly  body?     The  right . 

What  is  (he  celeallal  latitude  ?     Longitude  ! 

What  is  tho  altitude  of  a  heavenly  body  1     The  azimuth  ? 

What  are  the  oo-ordinales  of  a  heavenly  body  ? 

How  many  seta  are  thei«  I 

■Wiieh  are  obtained  from  obaorvationl 

'W^ich  of  the  observed  co-ordinates  are  preferable,  and  why  I  Ana.  n.  a,  and  li, 
because  Ihey  are  the  samo  for  every  place  on  the  earth,  whereas  altitude  aa4  Min«Wh 
are  dii&rent  lor  every  place. 

iJUESTIONS   OH    TILE   TRANSIT    IHSTBntlKKT. 

What  aro  the  dilfcrcnl  kmds  of  lime  1 

What  is  apparent  solar  lime!     Mean  solar  time! 

What  is  eiderial  tune  ? 

How  much  longer  is  a  mean  solar  llian  a  siderlal  day  t 

How  is  a  mean  solar  interval  of  time  converted  into  a  siderial  interval,  and  ths 
contrary  1 

What  inslrnment  is  employed  for  observing  the  time  of  transit  of  slata  OTcr  (ha 
meridian ! 

Of  what  parts  does  the  transit  instrument  consiBl! 

How  many  and  what  are  the  adjuslmenta  1 

How  is  the  instrument  coUimatcd  ? 
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How  is  Ihe  Etridiog  level  adjusted  T 

How  is  the  instrument  adjusted  to  the  mcridi^xii  1 

When  the  iiisttutnenl  is  complelely  adjusted,  in  iiliat  piano  docs  the  line  of  «< 

How  is  an  observation  made  with  the  transit  instrument  1 

How  is  the  equototiol  interval  of  the  wiros  dctemimed  1 

How  the  interval  between  any  wire  and  the  middle  wire  for  a  pattioular  etai  1 

What  is  the  use  of  Iinowing  the  ir.tervnls  of  tha  wires  1 

How  does  the  piobable  error  of  observation  compare  with  the  number  of  w 


transit  for  level 

What  the  formula  for  determining  ei 
What  for  consequent  error  in  the  tin 
How  is  the  eqnalorial  error  of  collimalion  found  1 
How  from  Ihis  the  collimation  enor  for  any  star  ! 
What  ia  used  with  the  transit  instrument! 

If  the  clock  keep  true  siderial  time,  what  doea  the  time  of  meridian  transit  show  ? 
If  the  right  ascension  of  the  object  ohfetvod  ia  known  by  catalogue,  what  does  the 
diflerenee  between  this  and  the  time  of  meridian  transit  sliaw) 
How  is  fiiderial  lime  converted  into  solar  and  liie  converse  ?■ 

•The  above  questions  will  suffice  to  show  the  nature  of  those  which  should  be  put 
upon  the  subsequent  pacts  of  Ihe  work  with   which  we  shall  not  lake  up  furthci 
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ON  TJNLIMITED  SPHEKICAL  TRIANGLES  AND  THEIR   SOLUTION- 


1,  If  any  two  poiata,  i  and  b,  be  taken  upon  the  suiface  of  the  splieie,  tliB  aru  of  a 
great  circle  joining  ihem  may  be  considered  to  be  eitlier  ttie  arc  a  ii  «  180"),  or 
360°  —  A  B ;  or  if  we  do  not  limit  the  arcs  to  values  less  than  a  ciroumferenco,  wo 
may  consider  it  to  have  an  indefinite  number  ot  values  e:ipresaed  generally  by  the 
formula  3  k  n  ±  a,  a  denoting  that  value  wliieh  ia  leas  than  i  or  a  eemicircumferenoe, 
and  n  any  whole  number  ot  zero. 

3.  If  two  arcs  of  gieat  circles  intersect  m  a  point  a,  the  angle  which  thuy  form, 
may  be  centered  to  be  either  the  angle  i  {<  90°).  or  180°  —  a,  or  180°  +  a,  or 
360"  —  A  ;  or,  tailing  the  most  general  view  of  angular  magnitude,  the  angle  will 
have  an  indefinite  numlier  of  values  osptCBScd  by  the  formula  m  ir  ±  a,  a  denoting 
the  value  which  is  less  than  i  n,  and  m  any  wholo  number  or  zero, 

3.  If,  ^erefore,  any  three  points,  A,  E,  c,  be  talsen  on  iho  surface  of  the  sphere,  and 
great  circles,  made  to  pass  through  each  pair,  wo  shall  have  an  infinile  aeries  of  tri- 
angles whose  sides  will  he  generally  expressed  by 

3nT±   J,     9n»±6,     9.uk±i:  (1) 

and  whose  anglefl  will  be  generally  expressp.d  by 

™:r±A,     m^±e,     m~±o;  (9) 

n,  6,  G,  denoting  tbs  arcs  less  than  ii  joining  the  pairs  of  points  B  c,  ad,  a  b,  respectively  ; 
A,  B,  c,  the  angles  less  than  J  r  formed  at  those  points  by  tbo  intersection  of  these 
arcs  i  and  n  and  m,  any  whole  numbers,  or  zero. 

4.  It  is  evident,  however,  that  we  cannot  assume  that  any  thtoo  values  of  the 
sides  from  the  series  (1).  combined  with  any  three  values  of  the  angles  from  (9),  will 
form  a  spherical  triangle.  Some  general  relations  of  the  parts  compumg  a  triangle 
must  first  be  established,  from  which  corresponding  values  of  n  and  m  in  (1)  and  (9) 

•  Introduced  by  Gauss.    Notwithstanding  the  elegance  and  generality  thus  given, 

w  the  Bolulions  of  many  astronomical  problems,  nothing  is  to  be  found   on    this 

mhject  in  our  trigonometrical  works.    The  present  paper  ia  from  Prof.  Chauvenel 

of  the  U.  S.  Naval    Acad.     The  eiplanaiory  notes  are  the  author's, 

12 
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may  be  deduced.    AJlhongh  lliese  gonoral  relations  are  well  knowo,  it  may  not  be 
out  of  pluee  to  add  here  a  oonciae  demonslratiou  of  them. 

Let  the  point  c,*  one  of  the  angular  points  of  tliOBpherical  triangle  iBcr,bo  referred 
hjf  rectangular  co-ordinates  to  three  plaiips,  one  of  which,  the  plane  of  i  s,  ia  the 
plane  of  tho  great  circlo  i  b  ;  let  the  aiia  of  x  bo  the  diamotor  of  the  sphere  passing 
through  B,  and  let  the  origin  be  the  canlre  of  the  sphere.  The  formulas  of  tranafor- 
tnalion  from  these  co-ordinates  to  polar  oo-ordinalea,  the  origin  being  the  same,  the 
polar  axis  being  tho  u.yis  of  x,  and  the  fiied  plane  the  plane  of  e  y,  are 


where  B  denotes  the  angle  wliieh  the  planepassing  through  the  polar  axis  and  the  point 
c  nialteia  with  the  lited  plane  ;  K,  the  radius- vector  in  this  plane,  or  distance  of  tho  point 
0  from  the  origin ;  and  a  the  angle  which  this  radius-vector  makes  with  the  pokr 
axis.  B  is  an  angle  of  the  spherical  triangle,  and  a  is  the  sids  opposite  the  angle  A  ; 
and,  according  to  the  principles  of  analytical  geometry,  B  and  a  may  ba  altogether 
unhmlted,  due  regard  being  had  to  the  signs  of  their  trigonometric  functions,  and  to 
those  of  X,  if,  and  s. 

Let  IB  now  transform  from  these  rectangular  eo-ordinates  to  others  also  rootaagu- 
lar,  ihs  oiig;in  and  the  piano  o{  x  y  remaining  the  samo,  but  the  axis  of  x  in  the  new 
system  passing  through  the  point  a,  and  therefore  making  with  the  frr^t  axis  the 
angle  c,  e  also  expressing  the  aide  of  the  triangle  opposite  the  angle  c.  The  known 
formulas  of  IransTormation  became 

•  The  rest  of  Art.  4  implies  some  knowledge  of  Analytical  Geamalry.  It  may 
4)e  readily  ondeiEtood,  howeTer,  by  the  mere  student  of 
irigonomeiry  from  the  annexed  diagram,  with  the  follow- 
ing explanations,  k  in  foi-mulas  (3)  is  equal  to  o  c  in  tho 
■diagram..  The  projection  of  a.  or  of  oO,on  oB  which  is 
called  tho  axis  of  x,  that  is  to  say  the  distance  between  the 
foot  of  a  petpendioular  from  c  on  o  b  and  tho  point  o 
is  the  value  of  x  in  tho  formulas,  the  projection  of  o  c  on 
a  line  called  the  axis  of  v,  drawn  from  o  in  the  plane  a  o  e 
perpendicular  to  o  b,  is  the  value  of  y  in  the  formulas,  and 

tliB  jprojeotion  of  k  or  o  c  on  o  i  perpendicular  to  the  plane  a  o  a,  is  the  value  of  z 
ill  the  formulas.  Tho  first  of  formulas  (3)  is  now  obvious  enough  ;  in  the  second  b 
ain  a  evidently  expresses  the  value  of  a  porpendioutar  from  c  to  ob  m  tho  plane  cos, 
and  this  perpendicular  multiplied  by  the  cosine  of  the  angle  which  it  makes  with  iu 
projection  on  the  plane  a  o  e  equal  to  the  angle  of  the  two  planes  Or  the  angle  B, 
eipi«sses  the  length  of  the  projeotiou  on  the  plane  a  o  b,  which  is  evidently  equal  to 
the  projection  of  e  on  the  axis  of  y  ;  or  multiplied  by  ^e  ein  b  expresses  tho  height 
of  c  above  the  piano  A  o  B,  which  is  equal  to  the  projection  of  n  on  o  z  the  axis  of  z. 

N.  B.  The  asea  of  x,  y,  and  «  are  at  right  angles  each  to  the  plane  of  the  olhfr 
two.    So  also  ate  those  of  x',  y',  and  s'. 

The  student  will  readily  deduce  formulas  (4)  by.  the  rules  of  Piano  Trigonometry. 
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l^inally,  tbe  fbnnulas  of  iraiisformation  from  this  l:ist  Bj^atera  of  rectnngulBr  agal 
io  pulsr  co-ordinatea,  the  origin  being  tlie  same,  the  fixeii  plane  tbe  piano  of  x'  t 
ami  the  poiar  aiie  llie  axis  of  x',  are 


Now,  if  the  Talues  of  a;,  y,  I,  i'>  s',  a',  given  by  (3)  and   (5)  be  substituted  ii 
14,),  we  have  at  once  the  following  syatom  of  eqaations  :— 


which  are  the  known  fundamental  formulas  of  spherical  trigonometry,  but  estab- 
iished  «-ithoul  imposing  any  restrietons  upon  ^e  values  of  the  parts  of  the  triangle. 

From  tliis  investigation  it  appears  that  these  formulas  may  be  regarded  as  fomiuioB 
of  traDsformation  from  one  system  of  polar  co-ordinates  to  another,  or  rather  from 
one  system  of  spherical  co-ordinates  to  another.  For  example,  the  co-otdinatoa  of 
a  star  referred  to  tbe  pole  of  the  equator  and  the  meridian  of  a  place  whose  coiati- 
lude  is  c,  are  its  polar  distance  a,  and  its  hour  angle  u  ;  ^e  co-ordinatea  of  the  same 
star  referred  to  the  pole  of  the  horizon  and  the  meridian,  aro  its  aeni^  distance  i, 
and  its  aaimulh  a  ;  and  the  fotmulas  (6)  express  the  relations  by  means  of  which  we 
i:an  pass  from  one  of  the?o  Eystems  to  the  otiier. 

(5.)  Let  as  now  inquire  what  ai-e  the  corresponding  valuus  of  the  a  des  and  a^gIe^ 
m  the  aeries  of  triangles  expressed  by  (1)  and  (2).  Lot  a,  J,  e,  a,  h  r  dsnoti  'he 
values  of  the  parts  of  dub  of  these  triangles,  which,  if  we  please,  wi  ma>  Hupoofe 
to  be  the  triangle  whose  parts  are  less  than  c-.     Then  siniiO 

sin  <2  n  .  +  #)  =  sin  51,  cos  (S  n  f  +  #)  =  cos  f, 
tlie  equations  (6)  wiU  be  satisfied  by  the  eubslitution  of  2  n  ir-|-ii,  S  n  a-^-h,  &.C., 
for  a,  6,  and  c;  and  thereifoie  the  triangle  (a,  6,c,s,  b,  c)  is  the  firsit  of  an  iniifflite 
series  obtained  from  il  by  the  sucoesaive  addition  of  H  ir  to  each  or  all  of  its  potlB," 
-svury  triangle  of  the  sftries  being  such,  that  the  relations  of  its  part°  arc  expressed  by 
(G),  when  a,  i,  c.  A,  s,  c,  are  assumed  to  repreaent  those  parts. 

It  is  evident,  also,  from  the  principle  of  "  unrfomiity  of  direction "  observed  in 
?Iie  preceding  domonstialioii  in  reckoning  the  aides  and  angles,  that  we  must  be  able 
;o  satiafy  the  equations,  by  making  either  all  Iho  sides,  or  all  the  angles,  or  nil  the 
sides  and  angles,  iiesative  at  the  same  time,"  and,  aonsidering  each  of  tiie  triangles 

•  The  student  will  do  well  to  conceive  the  position  of  the  angular  points  of  the  iri- 
anglos  on  the  surface  of  the  sphere  with  these  variations. 

a.  B.  That  the  sides  are  all  ni^ative  together,  or  the  angles  logelher,  or  both 

The  same  thing  Jtalad  n  the  iBst  may  be  made  evident  by  referring  to  eqaslioDi 
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thu9  obtained  as  the  Ciiai  of  a  seriea,  aa  nbove,  we  hava  three  m 
then  Ibe  four  series  following  ; — 


1„  aerie,. 

2d  Series. 

2  7.  >,  +  a,  9  n  T  +  A 

2nT  — <<,2nx  +  A 
2nT  — i,  3n7r+B 
3n™— c,  3nr  +  c 

3d  SeriBs. 

4Ui  antes. 

2ni+a,Sn.r  — A 

2nir  +  b,  2nT  — B 

3„:r+C,    2«.-0 

9nT— a,  2niT  — A 
2n>c  — 6,  2n>r-*» 
3iiTi— c,  2n.f  — c 

In  all  die  terms  of  those  Buries,  ti  may  hflve  the  same  or  different  valaes  ;  luid  wa 
thus  haie  all  the  pos^ble  combinationa  of  tlio  values  represented  by  (1)  and  (3),  «> 
Jong  OS  in  in  (2)  is  even.  But  if  we  auhslilute  3  n  +  1  for  «t  we  shall  find  that  Iha 
foUowiog  series  will  satisfy  the  eqanliona  (6) : — * 


Sa,M... 

..IM.. 

2»,-i,(S»  +  l).  +  . 
2.,-<,(2,  +  l),  +  . 

2nT-a,           2«x  +  A 
2, ,+1,(3.  +  :).+  . 
2..  +  ,,<2»+l),  +  o 

7,hB.»... 

Bill  Serlaa. 

!.,-c,(2.+  I),-o 

2«.+  i,(2B  +  l).— B 
2n.+  «,(2n+l).^o 

le  fith,  7th,  and  8lh  of  which  series  are  derived  from  the  ."ith,  ss  the  3d,  ; 
Ih  were  derived  from  the  Isl,  in  the  preceding  paiHgraph. 
By  successively  ciohanging  a  for  b  and  e,  we  find  eight  more  series,  nomelj 


91]i  Seiles. 

lOlh  Soiias, 

2n— a,(3«  +  l).r+A 
3  n  »  +  6,              a  »  ,■  +  B 
2„.-.,   (3n  +  l).+  c 

3  7,  ir  +  a,  {3  n  +  1)  ^  +  A 
3n».-6.             9«r  +  B 
2Bx  +  «,(3n+l)^  +  o 

(6),  which  involve  all  iho  reiations  of  the  sis  elements  of  a  spherical  triangle,  and 
which  will  he  satisfied  by  changing  Himultaneously  a,  b,  and  c  into  —  o,  — 6,  —  c,  or 
II,  b,  c,inlo  —  A,  —  B,  —  c  or  both  ;  observing  the  general  rale  (hatsui  (-~p)^  — aiii 
f  and  COS  { —  f.)  =  COS  *. 

•  The  student  will  try  those  elements  given  in  tiie  5th  aeriea,  m  eqs.  ;6) ,  obsHrving 
ftialooa  |{3n-|-l)T  + j,J=:coB(ieOo  +  rt=  — =o'*"-"'3Mn  j(9n  +  l)ii  +  #| 


K-,.t9<ibyGoogle 


n.hS.ri.. 

imBerie. 

2«.-0.(2«+J)^-A 

2n,+i,            anT  — B 

2«.  +  o,(a«  +  l)^-* 
2«„~i,              2n,  — B 
3».,+  c,(2n  +  l)r-o 

im  Series 

H.h  S.rlo,. 

2«T  +  c,         a«.  +  c 

2n^— e,            3«T  +  c 

IGth  fierJes. 

9n^— o,(9n  +  l)T-A 
2n^--i.{a7,  +  l)™— B 
2n.  +  .,      ■       a„._o 

2n^4.a,(2«  +  l):7  — A 
2n«  +  6,  (an  +  l),r  — B 
2nT  — c,          ■    2i!r  — 0 

5.  Sines  three  gteat  eireiea  hy  their  mutual  interaectiona  (provided  they  have  not  ft 
oommon  diameler),  divide  the  aurlaoa  of  tho  whole  sphere  into  eighl  primitive  trir 
angles  (whoso  parls  are  all  less  than  «),  the  three  anguiarpointa  of  each  of  whichgiva 
oixtaon  triangles,  whose  partB  are  all  leas  than  9ir,*  therefore,  three  great  eirclBS  of  the 
^here  form  in  general  one  hunted  and  twenty-eight  triangles,  each  of  whiti 
may  he  coneidered  ae  the  first  term  of  an  ivfinite  tenes  of  titangles  formed  from 
it  hy  thi  successive  addition  of  3t  ta  each  or  all  of  tit  parti 


For  the  sake  of  brevity,  I  shall  uall  ihe  spheneal  tuangle,  whose  parti  are  only 
limited  by  the  condition  <  360°,  the  genet  al  spherical  triangle  Although  any 
three  points  of  the  Burfaco  of  tho  sphere  may  be  regarded  (in  general)  as  the  tngv  - 
lar  points  of  sixteen  anoh  triangles,  yet  to  the  problem  "  given  three  parts  of  tho  tri- 
ingle  to  Bad  tlie  other  three,"  there  will  in  every  case  be  b  1    '         '  e.  twD 

triangles  eonlaining  the  same  data.  From  the  equation  (b)  d  h  sequences 
ihat  flow  from  them,  we  can  always  obtain  eiipre*aions  f     b    h    h  d  cosine 

of  each  of  the  required  parts,  which  wouM  fully  deiemun      h  gl    w  re  it  not 

that  in  every  case  one  of  those  expi^ssiona  at  least  invol  es  d  I  t  ih  second 
degree,  and  has  either  two  diflerent  namerieal  values  1  es       lericallf 

equal  with  opposite  signs.  To  avoid  this  anibiguity  w  th  gh  p  dieni  to 
limit  all  the  parts  of  iho  triangles  to  values  less  than  180°,  or  to  consider  only  the 
simple  geometrical  triangle.  By  this  means  alt  the  cases  in  which  the  required  qusQ- 
lities  can  he  foimd  by  a  cosine  or  tangent,  withoHl  involving  radieals,  become  fdiy 
iletermmad.  But  this  occurs  in  but  four  of  the  six  oases,  the  other  two  still  having 
two  soIulioDB ;  so  (hat  although  ax  conditions  were  thus  imposed,  three  limitmg  the 
data  themselves,  and  three  the  qiueuta,  the  obiecl  of  removing  all  ambiguity  waa 
not  reached. 

•  i,  «.,  malfing  H  =  0,  in  each  of  the  16  serioa  of  the  last  art. 
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We  ahall  see  I'rom  Ibe  solutions  of  tlie  general  IrianBle,  that  the  amhiguit'g  ie 
entirely  Tejaot)ed  in  enerji  case  by  the  -impoaitiim  of  a  single  condition  restricting 
thi  sign  of  either  the  nne  or  cosine  of  but  one  of  the  required  parts.  The  gene- 
n)  method  heia,  as  in  many  parts  of  the  mathematics,  ia  thiirefore  Ihe  Bitnplesl. 


1 .  As  the  formulas  (6)  are  the  aame  as  those  deduced  ia  trigoaomettical  works  for 
limited  spheiical  triangles,  we  may  avail  ourselves,  for  the  solution  of  the  genera! 
triangle,  of  all  the  formulas  (found  m  those  works),  deduced  from  them  in  a  general 
manner.  It  is  not  necessary  therefore  to  repeat  all  those  dednoUona  here  ;  bnt  I 
shall  add  a  demonatration  of  GjkHSS's  equations,  slightly  di1!ering  &om  tlie  common 
ono,  in  order  to  establish  them  in  ihdr  generality. 

S.   Gauss's  Tbeorem.     If 

p.=  cos5.sinJ(*  +  B).  P  =  cos|c  cos  J  («-(,) 

g:=co9iceosJ(''  +  i>).  q  =  sin  iccoal(a  +  i) 

r  =  ma  iesini(A-B),  b  =  cos  J  c  ^u  i{a  — 6) 

s  =  Bin  iccosH^-i).  5  =  003icsin  S(«  +  i) 

then  the  products  p  q,  p  r,  p  s,  q  r,  q  s,  r  s,  are  rcspeclively  equal  to  the  prodacis 

To  demonstrate  this,  we  have  only  lo  form  the  foEovring  equalionB,  which  ara 
easily  deduced  from  the  fundamental  foniiulaa  :— 

sin  «  (sin  A  ±  sin  e)  =  sin  o  (sin  a  ±  sin  b)" 
an  c  (cos  A  ±  cos  n)  =  (1  ^  cos  c)  sin  (a  ±  6)t 
(1  ±  cos  e)  sin  {i  ±  e)  =  sin  c  (cos  6  ±  cos  a)t 
whwii,  ttansFormed  by  the  formulas  of  tlie  trigonometric  analysis,^  give  respectively 


'  By  combining  ^ =  —. =  ^ 

f  By  iho  s&eond  of  (6)  we  have 

sincoosA  =  cOSa3ini_FfoaOos6cosc 

■■£>■  addition  and  subtraction  of  those  we  obtain 

sill  c  (cos  A  ±  cos  n)  =  (sin  a  cos  6  ±  sin  b  cos  a)  (1  ^  coa  o) 
whence  the  formula  in  the  t^^xt. 

t  This  ia  obtained  from  the  last  by  substituting  ir  —  c  &c.,  for  o  lo  produce  Ilie 
BLipplemental  or  polar  triangle. 

^  To  wit ;  formulas  which  express  the  factors  of  the  above  forms  in  terms  of  the 
BiiiBs  and  cosinea  of  J  c,  ■}  c,  |-  (s  ±  b),  i  (o  ±i)  by  means  of  wMch  wa  hare  the 
following,  each  of  the  above  forms  furnishing  two  : 

2.siniecos3s3sini(A  +  E)cosj(*-B)  =  9sh.  Jccosic2fliui(fl  +  i)eo^ 

i  '.a  —  i) 
3niiiecos;caain!('-=)=o8U«  +  i'!=3s:"4-";osio3sini(a-*)«o' 
J  (fl  +  i)  &c,,  &,c. 
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eqaal  to  iAe  quantitiei 


ig  employed,  the  quantities  p',  q',  r^,  a^,  ar. 
:  r  Q  X  r  B  and  g  r  =  Q  a,  whanca  by  divi 


In  these  equatinns  the  pasiiios  sign  must  be  taken  in  all  the  second  members,  ar 
the  negatme  sign  in  all  oj  tkem. 

For  if  we  iske  p  =  -j-  p,  ihe  equations  pj  =  rq,pr  =  F  n,  p  s  =  fs,  being 
divided  by  tliis,  give  J  =  -|-Q,  r  =  -|-tt,  s=-f-s.  But  it"  wo  lake  ^  =  —  r,  Ihe 
BBme  equationa  divided  by  tliia,  give  j  =  —  Q,  r  =  —  b,  s  =  — s. 

Hence  the  two  following  groups  of  equations,  the  first  group  comprising  those 
eommonly  known  as  Gauss's  equalions,  which  are  identical  with  (I.),  (II.)t  (HI,)  and 
(IV.)  of  Art.  86,  by  clearing  ihe  latter  of  fractions. 


1  (»+.)-"■! 

™jc-») 

i(A  +  B)  =ain  i 

009  i  (0  +  i) 

J(«— )-OTl 

,In  IC-S) 

J(i-,)_mJ 

oos  i(o-i) 

JM- ■)--». 

ioooaiC-t)! 

i  (i  +  B)   =  —  Bio 

lo.o.J(.  +  »   1 

40— )--~. 

icoin  J(a  — i)   f 

J(._,)__in 

!o.in   !(.  +  ' 

J 

Sin  J<! 

5.  Now  when  the  parts  of  the  triangle  are  Ihnited  to  values  loss  than  180°,  the 
»cond  of  these  groups  is  excluded,  since  cos  J  c,  sin  J  (a  -}-  b),cos  ^  c,  eos  J  (a  —  h) 
are  then  all  positive.  Bnt  when  the  triangle  is  unlimited,  botii  groups  mnstbe  admtt- 
lod,  and  the  question  arises,  when  are  we  to  employ  the  positive,  and  when  tiie  nega- 
tive sign?  Gaus3  himself  has  remarted  iTheoria  Mot.  Cam.  C*i..  Art.  54),  that 
cases  oeenr  in  praetice  in  which  it  is  necessary  to  en  gn,  and 

promises  eEsevvhere  a  faller  osplanation,  which,  howet  able  to 

find.     Bal  (he  nature  of  these  cases  and  the  answer  to  ti  riouiided 

will  be  easily  inferred  from  the  following  considerations 

We  have  seen  that  the  formulas  (6)  apply  not  only  so  parts 

1,  6,  c.  A,  D,  c,  are  all  leas  than  360°,  or  Ht,  but  alst  i  whose 

linrts  are  2  1)  I  +  o,  a  B  r  +  6,  2  n^  +  c.Sn  ,  +  A,  anir-^BjiBT-ri-,  n  being 


The  first  two  of  the  six  that  wonid 
10  write.     They  are  identical  with 

J18=FS 


)  all  tiint 


3  thouglit  necessary 
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my  tvliolo  iiuinbor  or  Zero,  and  ndmitting  of  difierent  values  in  each  of  lh«  p&ils 
1*1  UB,  Iherefore,  eubstitule  in  (7)  the  following  vaiuea  of  these  patis: — . 


We  stall  have  for  the  faotora  of  the  lirat  inomberB  values  similar  to  the  following; 
cos  (n^T+J<:)  =  ("lpcosic« 
.m(n^^  +  i0-(-ir6ini=« 

COS  l(,m^  +  »<,)  7.  +  i  (».  +  m  =  C-  1)"  +'"=  '^oa  J  (a  +  e) 
«n  Hm  +  m^)  ,  +  J  (i  +  Dl  =  (_  l".  +  ""»  sin  i  (A  +  n) 
cos  [(m^  -  ,«,)  ,  +  J  (A  -  B)]  =  (-  1)"  -  ""=  cos  H^  -  B) 
ein   [(m,_-™j  ,  + J(i_c)]=  (-1)'"  — %  sin  J  (A  -  e) 

Now  whatever  Ihe  values  »f  m,  and  mi  m,  -}  nii  and  m^  —  m,  orohoth  even  or 
both  odd  at  the  eame  time,  and  therefore  the  ahaee  sabstitation  gives  tht  same  sign 
to  all  the  first  memfcnt  of  our  equations.  In  the  same  way  it  is  shown  tliat  the 
Mcoiid  members  will  alt  have  the  same  sign  ;  and  we  may  consequently  express  tiie 
resnlt  of  the  substitution  thug  :-— 

fioa  4  c  Bin  J  (A  +  E)  =  (-  l)"  cos  i  c  eos  i  (o  — E) 
cos  i  c  cos  J  (*  +  =)  =  (-  1)»  sin  i  c  cos  i  ("  +  D 
sin  Jcsin  4(A-«>  =  (-'I)''oosicsin  i(a-6) 
sm  4  c  cos  i  (A -E)  =  (-])"  sin  4  c  sin  4  (a  +  S) 

which  single  group  involves  both  (7)  and  (S).  The  group  (7)  will  represent  otw 
Ktriea  of  triangles,  v)hite  the  group  (8)  utill  r^resent  another  series,  the  two  diffir- 
ing  in  each  of  their  elements  by  avme  mtcltiple  of  9t,  and  tlte  primitive  triangle 
mail  belong  to  one  or  the  other  of  these  series.  We  may  dispense,  therefore,  in 
practice,  with  group  (_S),  bg  deducting  350°  or  3n  from  the  elements  found  by  groi^ 
<7),  tUl  they  become  less  than  360°,  as  required  for  use.     (See  top  of  thiapage.) 

6.  When  the  parts  of  the  Itiangle  are  interchanged  in  Gadss's  wjuationa,  it  would 
seem  to  require  proof  that  the  aama  sign,  whether  +  or  — ,  must  conUnue  in  thesi 
ij|aalionBi  i.  e.  that  when  the  triangle  is  such  as  to  satisfy  the  equation, 


,s  J  c  sin  H»  +  B)  =cos  4  c  cos  4  (a  — i) 


'  Apply  (3)  and  (G)  of  Art.  70  to  sin  and   coa  of  9  na  a  +  4  e 
results.   Or  obfctvo  that  cos  (iw  +  4  0  =  ±  *05  J  c  according  as  n 
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il  will  also  saliafy  Ibe  equal 


,.1(«- 
»)(> 


and  Ihat  when  it  is  such  3,s  to  eatisT;  the  equation, 

it  will  hIsd  misty  the  equations 

».  !  1  m  J  ("  +  0)  =- •••  !  >  =- J  («  ■ 


"1(114 


.9  i  A 


•i(l- 


(/) 


To  dcmonatifltB  this,  we  will  ehow  that  tho  gioups  to  which  the  eqaatione  («) 
belong  may  he  derived  from  (7),  and  thoae  to  which  (/)  belong  from  (8).  by  menilf 
linear  tranefotmalions,  and  therefore  without  again  Introduehig  the  double  Bign,  Let 
the  cqunliona  (7)  be  written  thus  : — 


ni(Ai 


.  J  (.-1) 


COS  i  (A  +  D)        ooa  i  (a  +  t) 

an  1  c                cos  i  e 

cosi{A-B)        aini(B  +  4) 

Tlie  Bum  and  differe 
two,  give' 

Bin  i  c                 ein  i  c 
nee  of  the  first  two,  and  tho  Burn  a 

nd  dilEiienoe  of 

oH(^  +  ^-^)              cos  J  a  cos  i 

6 

e 

oai{A-B  +  c)              eoa4«9ini 

sin  0                                 sir,  i  c 
osi(~A+B+o)              sin  iocosjl 

By  difTetBiitly  eombiaing  iheso  four  equations,  two  and  two,  we  may  eilhe 
feronce  of  the  first  and  third,  and  of  the  Eenond  and  fourth,  give 

cos 

ein  r                              dn  c 
inooai(*  +  «)       si-iicosiCa+c) 

Bin 

sin  o                                  Bin  c 
4Bsini(A— 0)      cosiialniC  — c) 

eoa 

4Ecosi(4_o)      eosiEBini{« 

+  =) 

.e  mode  of  deducing  (I),  (H),  Ac.  of  Ait,  86. 
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ThoEfi  multiplied  by 


•  j(»- 


coai(«-«) 

■    .1. 1 1 
.1.  i  (•  + .) 

Preciaely  ihe  earaa  traiisfotmations  applind  lo  (fi)  would  of  course  givo  a  eimikt 
roault  with  l!ie  negative  agn.    Hence 

ill  the  lArce  groups  ahich  Gadss's  equations  farm  by  Ihe  punautation  of  ihe 
httas,  tie  posilivB  sign  mvst  he  taken  i»  aU  the  equations,  nr  the  negative  sign  in 
all  of  them. 


It  will  be  convenient  to  premise  here  the  following  proposition,  upon  whieli  depends 
Ihe  proper  employment  of  .-lusiliatr  angles  in  preparing  our  general  formulaa  for 
logarithmio  oomputalion. 

In  the  equatiani 

whatever  tlv)  valnes  of  m  and  n,  me  can  alwaga  determine  k  and  51*008(0 
satisfy  at  once  these  equations,  and  any  one  of  the  following  conditions  arbi- 
Iriirily  imposed. 

1st     k  positive,  (^  <  360°), 

ad     k  negative,  (*  <  360°), 

3d     #>  0  and  <  180", 

4lh    9  >  ISO"  and  <  3eOO, 

Sib   f<  90°  and  >— 90°, 

6iii    #  >  90°  and  <  970°. 

The  ax  conditions  above  staled  are  obviouslf  equivalent  to  the  following;  ls(, 
t-f  ;  9d,  S— ;  3d,  an  11I  +  ;  4th,  ^o  0  — ;  5th,  cos  #  +  ;  Bib,  cos  *— .  Of 
these  six  conditions,  however,  we  eoramonly  employ  only  the  first,  third,  or  fifth. 

Thequotient  of  the  equations  (9),  tanf  =  -,  gives  two  valnea  of  ^  under  3fiO°.' 

Hence,  also,  two  values  of  k,  which  will  be  numerically  equal  with  opposite  signs, 

•  liocauso  for  any  arc  less  tlian  360°  there  ia  always  another  arc  <  360°,  having 
llie  same  inngcnt.  If  tlie  foimec  be  in  llie  first  quadrant,  the  latter  is  in  the  3d ; 
if  the  former  be  in  ihe  2d,  the  latter  is  in  the  4th  quadrant. 
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ICO  iho  two  values  of  ein  tp  will  be  numerically  equal  wilh  opposite  Mgns,  as  also 
e  two  values  of  eos  f.  If  we  restrict  tlio  sign  of  any  one  of  iJie  three  quantities 
ain  #,  cos  p.  llie  aigns  of  the  other  two  will  become  known,  and  there  will  be  but 
le  value  of  J:  and  ona  of  ^  under  that  teelriction. 


In  the  solutions  of  llio  various  cases  of  spherical  triangles,  it  ie  of  the  first  impor- 
tance to  have  simple  and  clear  precepts,  both  for  removing  the  ambiguity  that  occurs 
in  every  case  and  for  determining  properly  the  auxiliary  angles,  Esamplos  might  be 
pointed  out,  in  recent  works  on  trigonometry,  of  incotreel  numerical  solutions 
resulting  from  an  erroneous  application  of  precepts,  in  ihomselves  correct,  but  not 
sufficiently  simple  or  osplicit.  I  have,  therofore,  given  special  attention  to  this  point 
In  strangiog  the  following  solutions.  These  solutions  have  also  been  carefully  verl- 
fied  by  (he  computation  of  the  two  triangles  foilowing ; — 


=  230     0    0 


A=a64=5i'  3o;' 

■4 

E  =  a3l    24     c' 

■9 

c  =  299      0      0 

•G 

A  =  319°  91'  SI" 

■4 

B  =  ll>7    46    57 

•6 

e=    50    55      9 

•3 

sitive  sign  in  Gauss's 

Eq 

c.     The  general  rel. 

The  iirst  of  these  triangles  requi 
secood  requires  the  negative  sign. 

1.  Given  b,  C,  and  a,  la  find  E 
given  and  required  parts  are 


and  amilar  forms  to  the  last  two,  with  o  and  c  interchanged  witli  B  and  6. 

The  second  members  being  computed,  the  numerical  value  and  tlio  sign  of  cos  n 
will  be  determined  from  the  first  equation.  From  the  second  and  third  sin  a  and  a 
are  determined  precisely  as  k  and  f  m  the  preceding  section  and  are  subject  to 
the  same  ambiguity.*  The  amiigaiiy  will  J>»  rcTooved,  therefore,  when  the  sign 
of  either  sin  a,  «in  i,  or  CE»  E  is  given,  and  in  like  manner  when  the  sign  of  either 
tin  0  or  to*  0  {the  other  required  partu)  i>  given. 

The  solution  may  be  adapted  for  logarithmic  computation,  and  the  condition 
required  for  removing  the  ambiguity  may  bo  varied. 

Let  k  and  f  be  determined  by  the  conditions  (9),  taking  nt  =  sin  i  cos  a,  and  ii  = 
ao3  b,  and  adopting  the  first  arbitrary  condition  ;  thou  these  conditionB  together 
with  equations  (1)  assume  the  following  form : — 


lembcrs  of  the  ad  and  3d  of  (1}  b^g  compoled,  they  will  be 
,  and  ii  in  (9),  and  sin  a  oooupiea  the  place  of  k,  and  b  thai  of 
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=  Sil]     b 

COS  A 

=  oosi 

(t  pOBitivO} 

=  tco 

C=-f) 

=  lain 

(c~^) 

=  Bini 

Bin  A                           J 

id  adopting  the  tliird  condition  imposed  on  eqs.  (9) 

■an  J  =  tan  i  cos  A  ($  <  180°) ' 

cos  b 
ioao  =  ^— cos(c-^) 


Jf  tie  guutlranl  in  ahich  t 


In  (3)  and  (4)  we  may  also  limil  ^  to  values  numerieally  lees  than  90",  llie  sign  of 
Iha  tangent  being  detennined  according  to  the  tiiVh  arbitrary  condition  following  (9). 

If  both  a  and  b  are  less  than  181}°,  ns  not  unfreqiiently  happens  in  the  applica- 
tions of  this  problem,  lot 


Chcck.-~Foi  the  pnrpoa 
ing  check : — 


ota  =  cot(c— ^)c< 

"  vetifioation  we  may  employ  with  (4)  or  (5),  the  for- 

;  and  with  any  of  the  preceding  solutions  the  follow- 


•  The  value  of  k  which  appears  in  tho  3d  and  3d  of  (3)  is  obtained  from  iJie 
of  (9). 
+  Dividing  the  3d  by  the  2d  of  ^3), 
t  Combining  the  1st,  ad,  and  4th  of  (3). 
§  Derived  from  (9). 
1!  Kviding  the  3d  by  iho  4th  of  (2). 
IT  From  iBt,  4lh,  and  5th  of  (2). 
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Hb- 


c)  = 


The  first  two  by  olioiinnting  cos  4  a  determine  J  (B  -|-  o)  when  the  sigu  of  oos  i 
a  is  known,  and  the  second  Iwodelermine  i(B  —  c)  when  the  sign  of  sin  i  a  is  known. 
//«nce,  these  equations  pi-eaent  no  au^guily  sBien  Ike  aign  ef  sin  a  is  given; 
for  sin  }  a  is  slwayn  positive,  and  cos  |  a  has  the  same  sign  ss  eiu  a  according  lo 
the  formlua. 


nia 


,s!« 


The  equations  (6)  taken  with  the  positive  sign  only  may  give  values  of  b  an 
c  excecdhig  360°,  in  w][ieh  case  the  rei|uired  solution  will  be  found  by  diniiniali 
ing  aioh  values  by  360°. 

3.  Given  B,  c,  and  a.  to  find  a  and  b.  The  general  relations  between  the  ^fB 
and  required  parts  are 


which  dMermino  A  and  i  without  ambiguity,  when  the  sign  ef  either  ain  A,  sin  b,  or 
COS  b  is  ginen.    In  like  manner  the  ambiguity  is  removed  when  the  sign  of  either 


Adapted  for  logarithms  by  iho  method  airuBdy  used,  these  equations  becomet 


Ian  5I  =  Ian  B  cos  o  (f  <  180°  always 
IS  than  91)o  with  tho  sign  of  its  tangent,) 


When  the  quadrant  in 


•  Derived  Djorn  equations  (6)  p.  179  by  polar  tiianglea. 
t  Compare  (2).  t  Compare  (3). 
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tail  f  =      t 

.»  B  CO.  a  (f  <  ISO'^) 

00J(.=  — I 

n(o  +  f) 

-"'*=-c 

n  ^  tan  a 

03  (i;  +  *) 

both  Uli  tha 

ISO"; 

msin  ^  = 

coaa           ( 

n  posilivfl) 

mcoBf  = 

COIB 

n  aiii  b  = 

Bin  ^  inn  B 

a  positive) 

n  COS  E  = 

em(c  +  f} 

col  i  =— 

(^0t{0+*) 

COB  6 

Check.— Whb  (10)  or  (11)  we  may  employ  ein  a 
of  the  solutions  (B),  (9),  (10),  (11),  the  check 


..  1 

^<i(i  h  unrf  c 

Wee 

npto,  G.u»'. 

jAi.J(i+<)- 

in  J. 

ao.i(— "> 

i* 

osH&  +  '^)  = 

.o,i. 

coai(iiH-c) 

JA 

..  J  ('-«)- 

BiBia 

1.  l("-«) 

i.. 

"•41'—)  - 

coaia 

an  J(H-}-o) 

whieli  present  no  ambiguity  when  the  sign  of  eos  i  J  is  given  ;  that  ia,  loftcn  We 
sign  af  ain  *  it  given,  observing  that  sin  4  a  is  always  poahive,  ancl  rob  J  «.  has  the 

As  before,  when  those  equations  lead  to  values  of  b 
values  arc  to  be  found  by  Bubtracling  360°. 

a.  Gioan  b,  b,  and  a,  to  Jind  s,  c,  atid  c.     The  goneral   relafi 
given  and  required  parts,  are 


than  360°,  (be  tr 


sin  b  si 


i  +  sin< 


The  first  equation  determines  b  when  the  sign  of  cos  a  ia  siTc  I  and  h  beii.g 
known,  the  remaining  eqaations  will  fully  delermino  o  and  c.     Thus  we  find  first 


*  Campaia  (4). 
f|  BecRuee  an  (e  - 


Olid  and  third  of  (13)  if  » 


t  Compare  (5).  i  Compare  with  foraior  oheck. 

sin^'ai»icos(c--il>  =  cos  *', 
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From  tho  fourth  and  fifth,  (') 


In  theao  solutions  it  may  happen  Ihat  ^  +  if ',  or  fl  -|-  fl'  exi;«eclB  SGO"^,  in  which 
easec  =  ^ +  #'  — 360°,  or  r;  =  fl  +  fl'  — 360°. 

CJecAs.— Ona  of  the  following*  may  ba  omployed  when  eithor  o  or  c  haa  alonn. 
been  computed : — 


When  botli  c  and  e  have  bean  computed,  the 


6.  Given  n,  b,  and  A,  ta  find  c  and  c   without  finding   B.     Observing   thai  i  is 
posiliTe  in  the  preceding  article  we  deduce  the  following    forms  and  condition?,  by 


isin  ^    =cn3A 
^coa^    =^sin  A  eos  < 

ih  positive)  1 

than  180°, 

with  the  aame  sign  as  c, 
c  =  5>  +  f' 

«    B.)I 

I  sin  0  =  sin  I  cos  a 
kcoaB   =co3  6 

(t  positive)  ■ 

cos  9'      "-^-^--^ 

(O'leaa 

than  ISO", 

with  ihB  same  sign  as  si 

""--'■ 

(1)  The  propriety  of  employing  the  same  factor  k  in  hotli  (15)  and  (16)  will  h 
Eeen  by  comparing  tha  values  of  k  deduced  from  the  two  groups.  We  find  in  hot 
oases  t*  =  1  —  sin^  »  sin'  h. 

•  Deduced  from  (15)  and  (16). 

t  By  substituting  sin  a  sin  h  for  sin  b  \a  the  4th  of  (15),  and   for  sin  a  its  ii!u 

^-^   from  and  of  15, 

t  See  3d  of  (15,) 

i  Tie  value  of  cue  B'  is  obtained  by  taking  the  value  of  i  in  ilia  9d  of  (16),  aa 
Hubeticuting  it  in  the  4ih, 
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In  lliBBa  solutions,  wh™  0  +  ^',  and  +  0 -(- fl'  exaeei  360°,  we 
c  =^  +  9'— 3GI)°,  e  =  e+'a'  — 3G0°;  and  when  tljoy  are  negatiTe  wo 
csjf +  ^'+3600,  0  =  8.1-8' +360". 

7.  Given  a,  b,  ond  a,  (0  jind  b,  c,  and  c.    We  find  b  by  tha  fomiula 


which  deletminOB  i  vihsa  the  sign  of  cos  b*  is  eiueii.    The  reniainder  of  ibe  aoiu- 
tion  ia  by  (15)  and  {16}. 

8.  Given  k,  s,  and  a,  ta  find  e  and  a  vtitkot  t  Jiading  b  We  may  olmunale  4 
from  (15)  and  (16)  in  tlieii-  present  form,  bul  the  cond  t  one  1  r  determ  nme  iho 
auiiliaty  angles  will  not  bo  SQ  simple  as  in  the  fiiUowng  meth  d  Let  ^  ind  f  n 
(15)  beexchnnged  for  f'  — 90°,  and  f  -{.90^  ic=poc  vely    thtn  after  elimmatiDg  6 


a  (I  poai!  V  1 


than  laO",  with  liie  sign  of  sit 
c  =  *  +  ?' 

In  a  similar  mannoi  from  (15)  we  find 


than  180"  with  the  ai. 


(J-  posiliTo)   j 


In  those  formulas,  as  baforc,  when  #  +  f',  and  B  +  S'  sxaesi  360O,  we  take  c  = 
p  +  ^'_360o,  c  =  0  +  fl'  — 360°  ;  and  when  lliey  aro  negative  we  lake  0=^  + 
f'  +  360O,  c  =  e  +  0'  +  360°. 

9.  Given  a,  b,  and  c,  ta  find  A,  B,  or  c.     The  fomiula  (see  Art.  82) 


(ai) 


determinos  a  tohen  the  sign  0/  sin  a  is  given;  or  in/ien  the  sign  of  cither  «n  *, 
an  B,  or  sin  0  is  given  ;  whon  the  sign  of  any  one  of  these  funoliona  ia  known,  those 
of  die  othertwo  may  be  discovercH  by  an  inspection  of  the  eqitalion 

»  Which  determines  the  quadrant  in  which  4  is,  the  sign  of  the  an  h  only  doter- 
mimng  whether  it  is  ia  the  first  two  or  laat  two. 
+  Compare  the  3d  of  (18). 
r  Compare  the  3d  oi'  (17). 
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Tlie  usual  formulas  for  sin  i  a,  coa  J  t,  tan  i  i  {see  Ait.  84),  derived  frcm 
(91),  may  be  employed,  and  the  ambiguity  removed,  by  the  same  conditions. 

Check, — Compnle  two  of  the  funetiona  sin  J  a,  cos  ^  a,  tan  i  4  ;  or  one  of  them 
ill  connexion  with  (91). 

iO.  Given  a,  s,  and  c,  to  find  a,  b,  or  e.    The  formula  (aes  Art.  88) 

cos  «  =  ^^^B°l''c'^'"'  (^* 

deterrainea  a  when  the  sign  of  sin  a  ts  Biijen  ;  or  when  tlte  sign  of  either  ain  h,  sin 
b,  or  sin  e  is  given,  since  when  the  sign  of  any  one  of  these  functions  19  known, 
those  of  tiie  other  two  may  be  discovered  by  an  inspection  of  the  equfltioa 


the  usual  formulas  for  sm  J  0,  coa  ^  a,  tan  ^  a,  may  be  emiiloyed,  and  the  ambiguity 
removed,  by  tlie  same  conditions. 

Cieet.— Compute  two  of  the  ftmctuna  am  I  n  co  ^  a,  tan  I  a  ,  or  OHe  of  theni 
in  connexion  with  (S3). 

10.  From  the  preceding eketch  it  appears  that  for  the  dulermmale  iclutioa  of  a 
^herica!  triangle  generally  considered,  tliera  are  required  four  data  ,  nanvely,  the 
numerical  values  of  three  of  the  six  p  itt9  conipoaing  the  triangle,  and  the  algebraic 
sign  of  one  of  the  functions  of  a  inquired  part  To  recapilnlate,  tlie  Inaugle  is 
fnlly  detarmmed  by  the  following  data  : — ■ 

1.  i,  c,  A  ;  and  the  sign  of  either  sin  a,  ain  s,  coa  k,  sin  c,  or  coa  c. 
3,  B,  c,  a  ;  and  the  sign  of  either  ain  a,  sin  6,  cos  b,  eiii  c,  or  cos  «, 

3.  1,  A,  A  ;  and  the  sign  of  coa  b, 

4.  i,  B  a  ;  and  the  sign  of  cos  6. 

5.  a,  i,  c  !  and  the  sign  of  either  sin  A,  sin  K,  or  ain  c. 
G.  A,  D,  c ;  and  Ihe  sign  of  eitlier  sin  e,  sin  h,  or  ain  c. 

11.  Since  IT  is  the  symbol  which  represents  the  circanifeiBnce  of  a  circle  whose 
diameter  is  unity,  or  the  aemicircnraference  whose  radina  is  unity,  {  tt  vvill  represent  a 
quadrant  of  the  laMcr  or  SO''.  We  may,  therefore,  for  convanienco,  repi^aent  the 
supplement  of  an  arc  a  by  »  —  o,  and  ka  complement  by  J  i  —  a. 

13.  A  triangle,  one  side  of  which  is  ir  or  90°,  is  called  a  quadrantal  triangle  ;  such 
triangles  may  be  resolved  by  Napier's  rules  for  ihe  circuhir  parts,  if  the  quadwntal 
side  bo  neglected, a»d  iir  —  i.iif—c,  E,0,  and  A— Jir  be  lafcon  for  the  circnlar 
parts. 

For  let  A  Vc' bo  the  polar  triangle.  !l  will  be  right  angled  because  *=:  it  —  a 
=  J  u.     Applying  Napier's  rale  to  this  triangle  we  obtain 


<2) 
(3) 
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Theae  are  llie  cspressions  for  each  of  the  pans  of  a  riglit  aiiglel  triaQgla  in  terms 
of  two  others,  heoouse  espresaiona  for  e'  and  c'  would  be  exactly  like  (9)  and  (3). 

SabBtilntiag  ir  —  A,  i^o,  &,ti.,  for  i',  o',  &o.  in  tha  above  equations,  they 
become 


Bat  these  last  eqnatioiiB  are  precisely  what  would  be  obtained  by  tha  applicatio 
of  Napior'fl  rales,  using  the  complements  of  J  anJ  c,  and  a  —  J  i  aa  the  circnh 

13.  Napier's  rules  may  be  deduced  as  follows  : 

Ilie  following  formulas  have  been  derived  in  4he  foregoing  pages  for  obliqi 
sugled  trian<;les. 

cos  fl  an  E  sin  0  =  cos  a  +  cos  B  cos  o  (3)» 

cos  <r  sin  *  Bin  E  =  cos  c  +  cos  A  cos  B  {3)* 

sin  e  Bin  *  =  am  B  sin  c  {4)t 


Mafa'ng  in  tlin  above  forms  i  =  90°  they  become 


The  above  are  but  eiprsEaions  of  Napier's  rules, 

14.  TTie  case  of  solution  treated  at  Art.  94,may  be  solicd  bjr  Napier's  Analogies. 
Thns  if  o,  fc  and  a  be  given,  B  may  be  calculated  by  the  oin  proportion,  and  c  and  e 
by  the  fonnnlaa 

sin  i  (o  -i.)  :  sin  i  («  +  6)  :  :  tan  J  (a  -  t..)  :  cot  J  c 
ein  J  (A-B)  :  sin  i  (A  +  >!)::  tan  i  (a-i)  :  tan  i  <: 

15.  Napier's  rules  for  the  solution  of  right  angled  Bphorioal  triangles,  thougli 
applicable  to  all  eases,  do  not  give  results  of  that  degree  of  aoouraey  which  is  some- 

»  (3)  and  (.^)  are  the  same,  aud  are  dotised  froin  (1)  by  pokr  triangles. 

t  Sine  proportion,  Art.  81. 

J  Appendii  II.    See  formula  at  top  of  p.  200. 
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times  required,  when  iho  requiied  part  expressed  by  ils  sine  k  very  small, 

by  its  coane  is  very  near  90°,    Tho  following  formulas  may  in  euoh  cases  bo 


By  formula  [S), 

Art. 

7a, 

and  p.  76,  3d  now 

1-cc 

a  p  =  3  ein^  i  p 

whence 

1+0 

1+^ 

OS  p  =  2  cos'  p 

Buf  by  Napior'a  rulas,  E  beia^ 


changing  p  into  o,  and  substituting  the  value  of  ooa  a,  given  by  this  hal,  » 


1=^0 


MM:^) 


E    (B— C) 

which  is  a  formula  to  be  employed,  when  a  and  o  are  given  and  a  required. 

With  the  same  data  to  find  6  use  the  foi-muU 

isn  i  i  =  V  I  lan  [i  (a  -  c)  +  45°)  tan  [1  (e  +  c)  -  45°]  j 
derived  from  Napier's  rules,  which  gives 

COS  i  =  -. ,  Irom  tlie  formuln?  preceding  (J)  and  (4)  of  Art.  19,  App.  I   and  fi'/ii 

formula  (49J,  Art.  ]5,  App.  I. 


nner  similar  to  ttiat  in  case  I. 


Given  a  and  6  to  finile;  byNapie^e  rnlea 


■dc!  and  imbtiaM  I ;  by  App.  I.,  Art.  !5,  formuia  (59),  and  letms,  {m)  abova 
t.nl.=t»nj(«  +  ')  ""«"-» 
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Finally,  lo  obtain  h  whoii  the  opposito  anglo  i:  and  the  hypollioi 
we  have,  by  Kapior's  vuies, 


,T),App.I.,  Art.  15,  form.    (43), 


(tan  450  —  J  i)  =  -/tan  (45°— i") 
IS.  I'ho  pott  of  a  spherical  triangle  ial^imioeS  by  the  proportion   ^n  a  :  ^n 

it  heoonies  neoeasary,  therefore,  for  us  to  inquire  nnder  what  cirauraatanoBS  holh 
thoaa  values  are  aiiinissible,  and  how  wa  may  know  which  to  choose  when  hut  one 
solution  exists. 

Roroiring  to  the  fundamental  formula  (Art.  82),  we  have 

in  which  expression  wo  may  remark  that  if  cofl  J  is  numctieaily  greater  than  either 
coa  a  or  cos  c,  (lie  second  member  must  lake  the  sign  of  ooa  6,  consequently  b  and  h 
must  be  of  the  same  afTacdoD  if  sin  i  <  sin  a,  or  sin  i  <  sin  e,  Ibat  is,  an  angl' 
tniisi  be  of  the  some  species  as  iU  opposite  side,  if  the  sine  of  this  side  i>  leas 
thim  the  ^ne  of  eithe>-  of  the  other  sides.  ■ 

But  if  cos  b  is  numerically  leas  Ilian  cos  a,  then  whether  the  right  hand  mernber 
lie  -4-  or  —  wiU  depend  upon  the  magnitude  of  cos  c,  or  cos  c  will  have  two  values 
eoiresponding  to  -|-  ooa  b,  and  —  cos  b  ;  hence  an  angle  has  (u)o  values,  when  the 
tint  ef  its  opposite  side  is  greater  than  the  sine  of  the  other  gicen  side, 

!n  the  proportion 

s  being  the  required  part,  tiie  nature  of  the  arc  h  may  be  diacusaed,  as  in  the  pro- 
cedmg  case. 

By  means  of  llie  polar  liianglea,  wo  obtain  from  (2),  in  tlic  same  manner  as  at 
Art.  35,  the  formula 


from  which  it  follows,  as  ui  Iha  foregoing  case,  thai  if  eos  b  is  nnmetioally  greater 
than  cos  a,  b  and  b  will  be  of  the  same  affection.  If  cos  e  is  numeijeally  less  than 
cos  A,  then  both  the  values  of  b,  given  by  the  above  proportion,  will  be  admisabSe, 
Tor  C  may  be  determined  so  as  to  I'ender  cos  J  poaidve  or  negaCiTe.  Hence  any  side 
vsill  be  of  the  same  afeclion  as  its  opposite  angle,  if  the  sine  of  this  angle  ie  less 
than  the  sine  of  either  of  the  other  angles  ;  and  the  affection  of  the  side  b  icill  be 
indetertninate  if  the  sine  of  its  opposite  angle  B  ie  grtattr  than  the  sine  of  the 
other  given  angle  A, 
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17.  la  practice,  the  data  fut  the  eoiulu  ii  ul  l  iangl»s  ixa  jlitaii.ed  by  obserratioc 
aud  measurement,  und  are  liable  to  error  from  oWiuui  anrj  laevitable  oiiit''o?  It  H 
true  tliKt  from  tbo  areat  eioellenoy  of  instnvmenta,  tnd  the  almoal  imjoiieeiTable 
Mouracf  of  inodera  obsewatioo,  these  errors  are  oilnsnoly  minute  yet  in  oisea 
where  preeiaiOQ  is  requiEdte,  it  beeojies  ne1.ef.3ary  to  determine  the  efiei,ls  whic)' 
amatl  errors  in  the  data  will  produce  upon  the  computecl  quantities  and  10  selecc  the 
duta  and  quiesita  in  oach  a  manner  that  the  given  orroig  in  ih  one  fchall  entail  the 
siiiullest  poaaibte  on  the  other. 

The  principles  of  the  Diflerential  Cukuhis  p  cii  nl  an  easy  m  thnd  for  thi.  pu 
pOEB  iD  qnoation,  and  we  shall  hero  indi^ata  the  mode  ot  proceeding,  for  the  benefit 
of  the  student  acquainted  with  that  branch  of  malheinatits 

Let  ns  auppoEB  that  of  the  three  data  (lor  there  aie  alwaya  three  in  the  aolutiun  of 
a  triangle),  two  have  been  obtainod  with  Huflioient  aeonraoy,  bat  the  tbii-d  x  is  liable 
10  an  error  of  a  given  amount,  which  we  sJiall  ciiii  k.  Let  u  he  the  sought  quan- 
lily.  ISvo  of  the  three  data  being  considered  constant,  the  sought  quantity  a  may 
bo  considered  as  a  function  of  the  third  x.  The  quantity  x  becoming  i  4-  *,  let  the 
iiuantily  u  beooroe  a',  we  have  by  Taylor'a  thooi-em, 

du  d^ii         d^a 


''  —  =T/ 
hence  the  following  rule  : 

Multiply  the  given  oiTor  by  the  difleiioiitial  coefTicient  of  Oie  sought  quantity 
considered  as  a  function  of  the  given  quaiitiiy  liahle  to  eri-ar,  and  lAe  pradiict  teili 
te  the  error  ia  the  saiight  quaittiiy. 

If  tvfo  of  the  data  bo  liable  to  given  errors,  tha  eSsel  upon  the  Bought  qaantitr 
may  bo  computed  on  similar  prinoiploa,  by  considering  the  sought  quantity  as  a 
function  of  tlie  two  data  ao  liable  to  error,  and  difiereiitiatiiis  it  witli  respect  to  thcEo 
two  independent  variables. 

It  is  evident  that  the  same  method  extends  to  the  caw  where  all  the  data  ai'e  liable 
(o  given  small  errora.  In  this  oaae  tiie  aought  quantity  ia  to  be  regarded  as  a 
■  fouclion  of  three  independent  variables,  and  its  dilfeienlial  fcund  as  before. 


To  determine  the  lelation  between  the  minute  variatiuu-!  of  Ih  perpend  cular  siae 
of  a  plaue  right  angled  tiiangie  and  the  opposite  angle,  the  rema  n  ng  psrpe  d  oula 
side  being  consideied  constant. 

Let  0  and  e  be  the  ade  and  angle  which  ai'c  subject   to         a  i   i     I  c  0  n 

slant  side.     Then  (Art.  41), 


and  (Dif.  Cal.) 


which  is  the  multiplier  of  tl 
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The  tlieory  of  ma.iima  and  minima  as  oxplaiaed  in  the  Caloalua,  will  here  sdi 
of  an  important  and  i^asy  upplioution,  viz.,  to  find  unileT  what  ciicumataneea  u'  — 
vill  be  least  on  the  supposition  of  a  given  variation  h  in  the  variable  datum,  or 

olbrtv  words,  under  what  eircuinslanees  the  function  -j-  will  be  a  minimum. 

17.  Theeflscts  of  Bmall  errors  may  be  obtained.but  with  less  biuvity  and  elegan 
witliout  the  aid  of  the  diflerential  calculus. 
The  following  are  specimens  of  the  mode  of  proceeding. 


In  a  right-anglod  triangle  one  of  the  oblique  angles  being  given,  to  determine  the 
variation  of  ilie  opposite  side,  arising  from  a  small  variation  in  the  hypothenuse. 
,  Let  c  be  the  angle  which  does  not  change,  c  its  opposite  side,  and  o  the  hypothe- 
nusB ;  than  Ic  denoting  tlis  variation  of  e,  and  6a  of  a 

.-.  by  anhtraclion, 

ein  (,  +  J.)-ein  .--=sin  c  |.ia  («  +i«)_sii.  »[  , 
thiit  is  (Art.  74,  formula  4), 

2  cos  (r  +  i  Sc)  sin  iic=^2  sin  ^  eos,  {a  +  i  Sa)  sin  i  in 
,s  ja+iii:)  .in  4  i« 


nili 


and  if  dfl,  Ic  be  voty  amall. 


19  (c  +  J  ic 


tuting  for  sin  c  its  value  from  ttio  liist  equation. 


which  variation  will  be  llie  least  possible  when  cot  a  is  least,  or  when  u  =3  90°.     U 
we  restore  the  J  ia  which  nas  been  neglected,  and  write  tlio  above  result  thus; 

is  =  tan  c  cot  {a+i  ia)  ia  ; 

llien,  in  tiie  ease  of  a=  90°,  the  expression  becomes 

6c  =  — ■  tan  c  tan  i  la'ia  ; 

or,  considering  the  very  small  arc  i  6a  to  be  equal  to  its  langont,  wa  have  in  the  0as« 
supposed 

Jc  =  -  i  tan  e  (Ja)'. 
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In  an  oblique-angled  Bphotioal  triangle  given  two  sides  li 
prodaced  in  th«  Lblrd  aide  by  a  small  variation  of  the  oppDHite  Dngle. 

Let  a,  i  be  tbe  two  given  aides,  o  the  included  nngle,  and  c  the  opposit 
Then 

.-.  by  BQblrioIion, 

COS  (r  +  Sc)  -  coe  c  =  ma  o  sin  ft  j  so^  (<:  -h  fc)  -  cos  c  j ; 
thai  is, 

3  Bin  (c  +  ic)  ain  ^ic  =  2  ain  o  sin  i  Bin  (t  ■  j-  ^  fc]  fiin  i  Jc 
Haneo,  if  ic  bo  very  small, 


and  lie  is  therefore  the  least  poraiblo  when  sin  o  is  llie  least  possible,  that  is,  when 
c  =  0.  To  find  the  ej^pteanion  for  tt,  m  tl.ia  eaae,  restore  v,hat  has  been  reiecle^, 
and  we  shall  have 


which,  when  c  =  0,  and  J  io  very  aniall,  becomea 
Buiadn  6 


In  an  oblique  angled  spherical  triangle  given  two  sides  and  the  uded  an  e 
find  the  variation  in  one  of  the  opposite  angles  ciirreepondiiig  to  a  n  a  an  ti  n 
theinclnded  angle. 

Lei  a,  1  be  Ihe  given  side,  c  the  included  angle,  to  find  what    nfi  am 

variatioo  in  the  value  of  c  will  have  on  a  opposite  a,     Subslilule    h      «p  ess  on  f 
eos  c  above,  in  ihe  corresponding  expression  lor  cos  n,  and  i  —  ain-  b  for  era*  ft,  there 
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Then,  liy  sub&iilulion, 

=ot  (A  +  Ja)  rii.  (c  +,lr)  =  eol  a  a\a  A  —  c05  ',  o  ^-  *T) ; 
and,  by  aublraotion, 

oot  C*  +  i>.)  sin  (c  -[-  fc)  -col  A  Ein  «  =  ,:09  J  jco^  c-cos  (c  +  ^       U) 
Tho  iitBl  member  of  tliii  iiqnatLoi:  ia  enuiil  to 

cot  C»  +  Ji){^n  <q  +  fc)  —  Mil  c  J  +  am  c|cot  (c  -f.  it)  -col  A(  ; 
and  the  quaotiliea  within  ihs  liraakels  iire  respectively  eqaal  to 


'i'iie  second  momber  of  (i)  is  etjual  to 

coHi-  a  sill  (u+iJo)  aiQ  J  Jc 

.■.2colCA  +  Ji)oo.Wt-J-JJe)  Mn  J  ^  ^  .^^^ein  '(a'-^'jI)  -=  S  ^O^  ^  ^n  (o  +  i| 

,((!)  eia  J  Jo 
and  consequently  wiisn  in  anJ  Ja  are  very  emEll. 
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PART  III, 


B'hbn  a  ship  ^ails  from  any  known  place,  and  a  correct  account  is  kep* 
of  her  various  diroctions,  and  rates  of  aniliug,  her  situation  at  any  time 
may  be  determiiiGd  by  the  nile'i  of  Plane  Trigonometry.  The  proceasea 
employed  for  this  purpose  constitute  what  is  called  Naviffation. 

But,  owing  to  the  imperfection  of  thp  iastrumonts  with  which  a  ship's 
course  and  tlie  distance  sailed  are  obser\ed,  it  would  be  unsafe,  after  a  long 
passage,  to  compute  the  pljce  of  the  ship  from  the  dead  reckminf/,  as  the 
observed  direction  and  distance  are  called.  In  such  caaes  recourse  must 
he  hail  to  astronomica!  obsei'vations,  from  which  the  place  of  the  ship  or 
its  latitude  and  lon^tude  are  computed  by  tlie  rules  of  Spherical  Trigo- 
iiometrv.  Tlie  ^iroblem  liien  becomes  one  of  Wautical  Aiirorjtmy.  Wo 
slia!)  treat  suecs'-ivelv  of  eioh  of  tjiese  important  branches, 

N  A  ?  I  r,  A  T  1  0  N  , 


06.j  1.  For  tlie  purposes  of  Navigation  the  eaitii  may  be  considered  as 
spherical.  It  revolrea  about  one  of  its  diameters,  called  its  ems,  in 
twenty-four  hours.  This  rotation  b  ^row,  west  to  east,  causing  the  heavenly 
Iwdies  to  have  an  apparent  motion  from  east  to  w^t. 

2.  The  great  circle,  whose  poles  are  the  extremities  of  the  axis,  is  called 
the  egttalor.  T!ie  poles  of  the  equator  are  called  also  the  ^^s  of  the 
earth  ;  the  one  being  the  norlkpok,  and  the  other  the  south  pole. 

3.  Great  circles  passing  through  the  poles  are  called  meridians. 
Through  every  place  on  the  surfece  of  the  earth  such  a  great  circle  may 
bo  drawn,  and  will  be  the  meridian  of  the  place.  The  meridian  from 
whidi  the  meridians  of  other  places  are  estimated  is  called  a  first  meridian. 

llie  English  have  fixed  npou  the  meridian  of  Greenwich  Observatory 
for  the  first "racridi an,  which  ha=  Aho  been  adopted  in  this  country. 
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4.  The  longitit.de  of  iuiy  place  is  tliB  arc  of  tJiO  ix[UjiU)r, 
between  the  meridian  of  tLat  place  .and  the  first  meridian ;  tlie  longitudei 
therefore,  is  the  measure  of  the  angle  between  the  planes  of  the  two 
jneridians.  The  lon^tude  is  east  or  west,  according  as  tie  place  is  situated 
east  or  west  of  the  first  meridian. 

5.  The  difference  of  loitgitvde  between  two  places  is  the  arc  of  (he 
equator  intercepted  between  thu  meridians  of  those  places,  or  tlie  measure 
of  the  angle  which  their  planes  indude  ;  hence,  when  the  longitude  of 
the  places  are  of  the  same  denomination,  tJiat  is,  either  both  east  or  both 
west,  the  difference  is  found  by  eubtraeling  the  one  from  the  other;  but 
when  they  are  of  contrary  denominations  the  difference  is  found  by  addinri 
ihe  one  to  the  other. 

6.  ']?he  latitude  of  a  place  is  ifc!  distance  north  or  aoutli  of  the  equator, 
measured  on  tlie  meridian  of  the  place.     Latitude  cannot  exceed  90°, 

7.  Small  cu^Jes  paralJel  to  the  equator,  are  called  paralleh  of  latitude. 
The  arc  of  a  meridian,  intercepted  between  two  such  parallels,  dcawu 
through  any  two  places,  is  the  difference-  of  latitude  of  those  places ;  when  flie 
latitudes  arc  of  the  same  name,  i.  e.,  both  s.  or  both  u.,  tiie  difference  of ' 
latitude  is  found  by  subtraction,  but  when  not,  the  difference  of  latitude  is 
found  by  addition. 

8.  The  korkon  of  any  place  is  an  imaginary  plane,  hracliiiig  the  sur- 
face of  the  earth  at  tiiat  place,  and  extending  to  the  heavens ;  such 
a  plane  is  called  the  sensible  liori-^on,  and  one  pjirallel  1o  it,  but  passing 
tlirough  the  centre  of  t!ie  eartJi,  the  rational  hmison  of  the  place.  The 
line  of  inter.sectioii  of  the  plane  of  the  horizon,  and  flie  plane  of  the 
meridian  of  a  place,  ia  called  a  north  and  south  line  ;  the  horiaoufal  line 
tlirough  the  same  point,  and  perpendicular  to  this,  is  called  the  east  and 
west  iiuc.  Besides  the  .Nortii,  South,  Eifit,  and  West  points,  called  car- 
dinal points,  thus  determined  on  the  boundary  of  the  honaon  !h  re  ire 
numerous  subdivisions  coiTesponding  to  till' d  ^]Sl)ts  m  tlie  tirck  <.n  the 
next  page, 

9.  The  course  of  a  ahip  is  the  angle  which  hei  trick  mtkes  with  the 
meridians ;  if  this  angle  continued  the  Stiuie  ind  the  mendians  were  d! 
parallel,  the  path  of  the  ship  would  bf  i  stifflt.ht  hue ,  but  as  the  men 
dians  bend  towards  the  poles,  the  dii  Chen  of  htr  p-»th  is  ctntmudlj 
ehanging,  and  she  moves  in  a  curve,  called  tht  hwmh  hm  or  lorodtom  t 
turve.  The  instrument  employed  on  ship  boaid  to  show  the  course  if  th 
ship  is  called  the  mariner's  compoM. 

10.  The  Mariner's  Compass  conasis  of  a  circular  card,  whose  <-ir- 
curaference  is  divided  into  thirty-two  equal  parts,  called  points,  and  eadi 
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of  these  is  subdivided  into  four  eq^ual  parte,  culled  quarter  points  ;  acrcas 

this  card,  ii>  t!io  dipection  of  a  diamoter,  and  fastened  fo  the  card,  so  that 

they  move  togeliei-,  is  fixed  a,  slender  bar  of  magnetized  stec!,  called  (Ae 

needle;  the  extremities  of  which  point  to  two  diametrically  o] 

sions  of  the  card.     These  opposite  divis' 

ponding  to  the  im-th  and 

»mih  poles,  or  ends,  of 

the  magneliKed  bar.  The 

diameter  b.w.,   at  right 

angles   to   the  diameter 

s.e.,  points  out  the  east 

and  west  points. 

One  point  from  the 
north  towards  the  eait,  is 
marked  b.b.,  and  called 
tun-thbgeast;  two  points, 
B.BJE.,  and  called  north 
north-east;  three  points, 
north-east  hy  north  ;  and 
so  on.  Each  quadrant 
contains  eight  points,  so  that  a  point  is  90°  -;■  S  =  1 1°  lii'.  {See  Table 
of  Rhumbs,  Table  XXVIH.,  at  the  end.) 

The  caid  thus  furnished  being  now  suspended  horizoutally,  so  aa  to 
move  freely,  and  allow  the  noedia  attached  to  it,  to  settle  itself,  will  point 
out  the  four  cardinal  points  of  the  horizon,  as  also  the  several  intennedialo 
points,  provided  only  that  it  is  the  property  of  the  magnetic  needle  to 
point  due  north  and  south.  Such,  however,  is  not  strictly  the  case,  as  is 
found  by  comparison  wilt  astronomical  observations.  The  card  rests  ht. 
its  centre,  on  a  pivot  placed  in  the  vertical  plane,  cutting  the  ship  fr^ 
Btem  to  stem,  and  is  held  stationaiy  in  space  by  the  magnetic  forces  of 
the  earth,  whilst  the  sliip  turns  under  itinehan^ngher  course,  so  that  that 
point  of  the  compass  which  ia  directed  to  the  ship's  head  shows  the  sAJp's 
course,  which  must  be  corrected  for  the  slight  vaiialion  of  fie  compass 
from  the  meridian,  a  variation  which  is  different  in  different  parts  of  the 
earth;  tJie  method  of  determining  it  will  be  hereafter  given. 

11.  A  ship's  tvte  of  sailing  is  detei'mined  by  means  of  an  instrument 
called  the  log,  and  an  attached  h'nc,  called  the  log-line.  The  Ic^  is  a  piece 
of  wood  in  the  form  of  the  sector  of  a  circle,  the  rim  of  which  is  bo 
loaded  with  lead,  that  when  heaved  into  the  sea  it  assumes  a  verticai 
position,  having  its  centre  barely  above  the  water.     The  li^hne  is  so 
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attaolitd  as  to   keep   the  fin*  'jf  tin* 
log  towards  the  ship,  that  it  may 
ofter  tlie  greater  resustance  to  being 
dragged  after  the  ship  by  Ihe  log- 
lin?,  as  it  unwinds  from  a  reel  on 
board,  by  the  advancing  motion  of 
the  ship.      The   log-line  is  divided 
into  eqaal  parts,  called   ivols,    of 
which  each  measures  the  120th  of  a 
nuutical  or  geographical  mile.*     A 
half  minute  band  glass   is  used  in 
connexion  with  t!io  log.     ^V^^Bn  the  log 
knot  on  the  line  pasfies  tlie  hand  of  a 
turned  by  a  word,  and  the  instant  the  a  nd 
by  a  woid  ;  as  half  a  minute  is  the  1 20th 
iHimber  of  knots,  and  parts  of  a  knot,  t 
number  of  miles,  and  parts  of  a  mile,  r 
of  saihng 


ght 
th  t  th 


,  97.  Let  the 

gram  represent  a  portion  of 
the  earth's  surfijee,  e  the 
pole,  and  b  r  the  equator. 
Let  A  |8  he  a  rhumb  lice,  or 
path  described  by  a  ship  in 
sailing  on  a  single  course 
-ftlSm  AfojS  Let  the  rhumb 
line  bo  divided  info  portions 
Aj&i  be,  cd,  Act  so  small  that 
each   may    differ   insensibly 

from  a  fiti-aight  line,  and  draw  meridians  through  these  several  divisions, 
ai  also  the  parallels  of  latitude  bb',  ee',  dd',  &&  ;  a  series  of  triangles  will 
diua  be  described  on  the  surface  of  the  globe,  but  so  small  that  each  may 
be  considered  as  a  plane  triangle.  These  triangles  are  all  similar,  for  the 
angles  at  6',  c',  d',  Ac.,  are  righlranglea,  and  the  ship's  path  cuts  all  the 
IS  at  equal  angles  ;  hence  (Theorem  63  Geom.), 


Ai: 


b'  :  :  be  -.be'  '.:  cd  :  cd', 


■BOgrapliiual  mile  is  one  minute  of  the  earth's  eireumfiirenee.     Tailing  tlio 
It  7916  Englhh  milua  t!iE  geogiapliical  mils  will  be  about  6079  fcot. 
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iiere&fe,  since  by  the  theory  of  proportion  (Jie  sum  of  ths  antecedenla  is 
to  the  sura  of  the  eonsequenta  as  any  one  antecedent  is  to  its  consequent, 

a6  :  a6'  :  :  aJ  -j-  be  -i-cd  +  Sic, :  a6'  +  be'  +  cd'  +  &o. 

But  aJ +  fo  +  cii-f&e.,  is  the  whole  distance  sailed,  and  a&'+6c'4- 
i:d-\-  &s.  =  A/3',  is  the  difference  of  latitude  between  a  and  ^  ;  conse- 
quently, if  a  right  angled  triangle  abb',  similar  to  the  small  triangle  &bb' 
be  constructed,  that  Js,  one  in  which  the  angle  a  is       jj-  g 

equal  to  tjie  course,  and  the  hypotbeause  a  c  ii 
equal  to  the  distance  sailed,  the  side  a  b'  will  repre- 
sent the  difference  of  latitude  Moreover,  the  other 
side  bb',  or  tliat  opposite  to  the  course,  will  repre 
sent  the  mm  hh  +  cc+dd  +  &^  of  all  th(. 
minute  departures  which  the  &hip  mikes  tinm  the 
BUceeBsive  meridians  which  it  eroase'' ,  for  is  the 
teiangle  abb',  in  this  list  ditgnm,  k  iimiljr  to  th" 
ama!!  triangle  Abb',  in  the  fonner  we  ha\e 


a6     66 


but  in  the  first  figi 


.-.  Ab:bb' 


a/}  :  W  i :  be  :  cc'  ::  cd  :  dd', 
:  a6  +  6c  +  «£-f  die.  ;  66'+ cc' 


ld'+& 


(2) 


consequently,  since  the  three  iirst  terms  of  (1)  are  n  peclnely  p^nal  to 
those  of  (2)  the  fourth  term  bb'  of  (11  must  bo  equal  to  th  fourt"i 
term,  JJ'-(- w +  (^?  + ot  (2)  &c  TliM  last  qu^ntlty  is  cilled  the  d^ccr 
tare  of  the  ship  in  eaihng  fiom  a  to  |8  *  It  folbwa  therefore  th^t  tht. 
distanee  sailed,  Q:i&  di^erence  of  laUtude  made  and  thj  departure  are 
correctly  represent*,  1  by  the  kypotkevuse  and  SK^ei  (fa  nght  angled 
plane  triangle  in  which  the  angle  cpposite  the  depaituro  is  the  course,  so 
that  when  any  two  of  those  four  things  tre  given  the  other  two  may  be 
found  amply  by  the  re'iolution  of  ■»  right  an),l  d  i  lane  tmni^le  so  far, 
therefore,  as  the=e}niticulars  on,  concerned  the  rcaulta  ire  the  sime  ■» 
if  the  ship  weie  ^aihng  on  a  f  1  tiie  sitrfiee,  tht  mendiaas  being  parallel 
straight  lines  -ind  the  parallels  ot  latitude  cutting  them  at  right  angles , 
and  hence  that  part  o'  N'aMgatnn  in  wluchtnly  distance  a  tiled,  departare, 
difference  of  latitude,  and  eoui'se  are  considered,  is  called  Plmie  Sailing. 


•  The  departurf 
gtealer  than  this,  b 
depatture,  lap  over 


3  tie  canfounded  ivilh  flj'  in  t)io  firaS  diagram.    It  ia 
small  departures  hb',  cc',  hA.,  whose  saax  is  the  wbols 
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The  two  of  tho  { 
ag  usually  ^veu  a 


It  elements  whicli  enter  into  problems  of  plane  sml- 
course  and  distance,  being  fiund  from  observation.. 


1.  A  ship  fi-om  latitude  47"  30'  N.  Las  sailed  aW.  by  8.  98  uiile^. 
At  what  latitade  has  she  anived,  and  what  departare  has  she  made? 

Let  c  be  the  place  sailed  from,  cu  the  meridian,  (7 

the  angle  c  ;^  3  points  =  33°  45',  see  Table  of 
Ehumbs,  and  ca  :=  98  miles,  the  distance  sailed ; 
then  CB  will  be  the  difference  of  latitude,  and  ba 
the  departure.  Then  by  the  foiToulas  for  the  solu- 
tion of  right  angled  triangles  (forms  (4)  and  (5)  Art. 
64) 


JOist  98  log.  1'99123 

Course         33°  45'  log.  ixis    9*91983 
Biff,  of  lat.  8 1 '4 8    log.  I'OIIOB 

Dep.  54-45 

Latitude  left  47o  30'  N. 
DifT.  of  lat.  =  81-48*  minutes  =  1     22    8.  Dep.  =  53-45  miles  W.. 

Latitude  in    46        9  N, 

2.  A  ship  sails  for  24  Lours  on  a  direct  coni-se,  from  lat.  38°  32'  N"^ 
till  she  arrives  at  lat,  36°  56'  N. ;  the  course  is  between  S.  and  E.,  and 
Uie  rate  6^  miles  an  hour.     Required  the  course,  distance  and  departure, 

Ut.  left  38°  32'  N.         24  X  5^  =  133  miles,  the  distance. 

LftE.in    86    66  N. 

DIK  1    86  =  96  miles. 

Oist         182  log.         2-12057  log.  2-12057 

Diff  iat.     96  Jog,  1-08227 

Course       43°  20'  log  cos  9*86170  'og-  sin  0*83843 

Dep.  90-58  Jog.  1*95705 

Hence  the  course  is  S.  43°  20'  E,,  and  the  d.-parture  90*58  miles  E. 

3.  A  ship  sails  from  lat  3°  52'  S.  to  lat.  4°  30'  N.,  the  cour.se  being 
N.W,  by  W.  ^  W, ;  required  the  <listanc*>  and  departure. 

Distance,  1065  miles ;  Departure  939*2  mi  lea  W, 
•  Bee  last  note  but  one.     Milan  are  converted  into  degteea,  &,o.,  by  dividing  by  80. 
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4.  Two  ports  lie  under  the  same  meridian,  one  in  latitude  52°  30'  IT. 
and  tlie  other  in  latitude  47°  10'  N.  A  ship  from  the  aouthemmost  amb 
due  east,  at  the  rate  of  0  miles  an  hour,  and  two  days  -after  meets  a  sloop 
which  had  sailed  from  the  northernmost  port ;  required  the  sloop's  direct 
course  and  distance  run, ' 

Course  S.  53°  28'  E,  or  S.E.  f  E ;  distance  run  537-6  miles. 

5.  If  a  ship  from  kt.  48°  27'  S.  sail  S.W.  by  W.  7  miles  an  hour,  ra 
what  time  will  she  arrive  at  the  parallel  of  50°  S  ? 

In  33'!)14  hours. 

6.  If  after  a  ship  has  sailed  from  lat.  40"  21'  N.  to  lat.  46°  18'  N.,  she 
be  found  216  miles  to  the  eastward  of  the  port  left ;  required  her  course 
and  distance  sailed.  Course  N.  31°  H'  E.,  distance  417*3  miles. 


98.  Is  where  a  ship,  in  going  from  one  place  to  another,  ssah  oa  dif- 
ferent courses ;  the  determination  of  the  single  course  and  distance  from  the 
one  place  to  the  other  is  called  working  or  tmnpoanding  the  traverse.  I'ho 
method  of  proceeding  is  to  rule  seyen  columns  (see  next  pf^e),  the  first  to 
contain  tlie  courses,  the  second  the  ■number  of  poluts  and  quarter  poiuls 
in  these  courses  which  may  be  found  from  the  table  of  Khumbs  (Tab, 
XXVIII.),  the  third  the  distances  sailed  on  these  couraes,  the  fourth  and 
fiMi  the  differences  of  latitude  in  two  columns  entitled  N.  and  S.,  in  the 
former  of  which  the  di£  of  lat.  for  the  N,  courses  b  entered,  and  in  the 
latter  of  whicli  the  dif.  of  lat.  for  the  8.  course ;  the  sisth  and  seventli 
ooutwn  the  departures,  the  former  those  of  the  E.  courses,  the  latter  those 
of  the  W.  courses,  sometimes  called  eastmgs  and  vxHtings. 

When  these  several  particulars  are  all  inserted,  the  columns  are  added 
up,  and  the  difference  of  the  sums  of  tlie  N.  and  8.  columns  will  be 
the  whole  difference  of  the  latitude  which  the  ship  has  made,  and  the 
difference  of  the  sums  of  the  E.  and  W.  columns  will  be  her  whole 
departure. 

The  columns  appropriated  to  the  difference  of  latitude  and  departures 
are  usually  filled  u])  froro  a  table  (Table  I.),  already  computed  to  every 
quarter  point  of  the  compass,  and  to  all  distancra  from  one  mile  up  fo 
300  ;  ao  that  by  entering  this  table  with  any  ^ven  courae  and  distance, 
the  proper  difference  of  it'.tJtude  and  departure  is  found  by  inspection. 

The  course  is  found  at  the  top  or  bottom  of  the  page,  and  the  distance 
in  the  first  column,  tlie  dif.  of  lat.  in  the  second  column,  and  ik^  departure 
iu  the  third,  if  the  course  he  found  at  top ;  but  if  at  the  bottom,  the  lat.  and 
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dep.  columns  are  JQteccliangcd,  as  may  1je  seen  by  the  entitling  in  tlie  bot- 
tom of  the  columns.  If  tlie  distance  sailed  Ije  more  tban  30O  miles,  it  will 
exceed  the  limit  of.  the  fable ;  but  the  difference  of  latitude  and  departure 
may  still  be  determined  from  it  by  this  ample  operation  divide  the 
given  distance  by  any  number  that  will  gi\e  a  quotient  not  exceeding 
.500;  enter  tiie  table  with  this  quotient,  and  multi[,ly  the  coireaponding 
difl;  of  lat.  and_  dep.  by  the  assumed  dmior,  md  there  wil!  result  the  diff. 
of  lat.  and  dep.  due  to  the  proposed  di'itance  It  there  be  a  remainder  add 
the  diff.  of  lat.  and  dep.  corresponding  to  thi'!  Or  take  any  two  numbers 
whose  sum  is  equal  to  the  given  distance  ,  the  sum  of  their  diferenoes  of 
lat,  and  dep.  will  be  tlie  lat  and  dep.  of  the  given  distance.  These  rules 
depend  upon  the  principle  that  for  the  same  course  the  differences  of  latitude 
and  departure  are  proportional  to  the  distance  ri 
we  recollect  that  dist^  diff.  of  lat.  and  dep.  fora 
and  that  tviio  right  angled  triangles  ai'c  simil.ir 
one  is  equal  to  an  acute  angle  of  the  other. 


),  which  will  be  evident  if 

a  right  angled  triangle, 

•  when  iui  acute  angle  of 


1.  A  ship  sails  from  lat.  24°  32'  N.,  and  runs  the  following  courses 


Isfc,  S.W.  by  W.,  distance  45  miles;  2d,  E.  S,  K,  distance  50  miles; 
3d, S.W.,  distance  30  miles;  4tli,S.E.  by  E.,  distance  60  miles;  5th, 
S.W.  by  S.  i  W.,  distance  63  miles:  required  her  present  latitude,  with 
the  direct  coui-se  and  distance  from  the  p!ae<;  left,  to  the  place  arrived  at 


„„....   j  ,„. 

WSI. 

DIFFEEEHCE 

„,™.. 

1 

S.  W.  by  W,            5 

B.  S-  E.                 6 

S.  W.                  4 

S.  E.  by  E.              5 

S.  W.  bj-  S,  i  W.    i     3i 

4S 
50 
30 
GO 
63 

•2r,-o 

I9-1 

ai-e 

33-3 
50-fi 

E. 

4G-2 
49-9 

37-4 
37-5 

■14."  .9 

96- i 

36-1 

It  appears  from  the  I'eswtts  of  this  tabic  that  the  difference  of  latitude 
made  by  the  ship  during  the  traverse  is  l'li)'£  S.  -^2°  29'  S. 
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Lat.  hft 

24°  -■i2'  N 

Diff.  lat. 

2     29     S. 

Lat.  in 

22      S     N. 

It  appaars  also  tliat  the  dapartures  east  axa  equal  to  the  departenis 
west,  so  that  the  ship  has  returned  to  the  meridian  she  sailed  from,  con- 
sequently the  direct  eoufse  from  the  pJace  left  to  that  come  to  is  due 
south,  and  the  distance  is  equal  to  tlie  dilSerence  of  latitude,  which  is 
149*2  miles. 

There  is  another  mode  of  finding  the  direct  course  and  distance,  much 
practised  hy  Bcanaen,  viz,,  by  construction.  For  this  purpose  the  Tnanner's 
satle  is  employed,  which  is  a  two  foot  flat  rule  exhibiting  seyera!  scales 
ou  each  side,  by  help  of  which  and  a  pair  of  compasses  the  usual  prob- 
iema  in  sailing  may  be  ■ill  solvwl  On^  of  these  scales,  which  is  called  a 
scale  of  rhumbs,  is  a  scjV  of  chords  to  ovcrv  pohit  and  quarter  point  of 
the  compass  ;  and  another  is  a  moie  enlai^ed  scale  of  chords  to  e^cry 
degree.  Both  these  sciles  are  constructed  foi  t  circle  with  the  same  <^)o 
men  radius,  so  that  the  chords  on  the  "cale  of  rhjmbs  belong  to  thai 
circle  whose  radius  equals  the  choid  of  00°  on  tlie  ecale  of  choids,  and 


the  method  of  laying  down  a 
d    f  tl 


Co    t     t        t  th    tra    rs    t 

tl     l^t 

W  U    th      1      1     f  CO     tal 

f   m  th 

line   f    h    d        th  n 

1     1        b 

the  h     zo          1         d  draw  th 

■th       1 

south  1      N  S     r    m  tl      1 

t    homb 

taketh     h    J      fth              1 

r,          d 

as  th              11       th    ly  tl  V 

tbe  1    1 

off  f       t!          th  I      t  ^    tl  os< 

wl   il 

weste  1     to  th     1  t        d  thw 

w!    h 

castp  ly  I    t!     n  !  t,  tl           t 

tesbe    fe 

mark  I             3    A       n  Ih 

d       f  t! 

fiom   tl  CB"  scal^   and   t  teale  of 
ti       HO    il  ut  single  ccursc,  and 
d  rst    d  h-  m  the  example 
yiows 


Th    d 


fffi 


f  ? 


of  cq  1  I  -ts  d  tl  1  t  f  1 
the  distance  ab  siiled  on  the  fii?t  course; 
then  in  the  direction  parallel  to  f2,  the  dis- 
tance no  sailed  on  the  second  course  ,  m  the 
direction  parallel  to  a3,  the  distance  CD  on 
the  third  course ;  in  the  direction  parallel  to 
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&4,  the  (listaiico  i>k  on  tfio  fourth  course ;  aud,  lastly,  in  the  direetioD 
parallel  to  ao,  the  distance  bf  on  the  fifth  course ;  then  v  will  represent 
the  place  of  the  ship  at  the  end  of  the  traverse  ;  ta,  heing  applied  to  the 
scale  of  eq^Tial  parts,  will  show  the  distance  made  good,  and  the  chorij  of 
the  arc  included  between  this  distance,  and  the  meridian,  being  applied  to 
the  line  of  rhumbs,  will  show  the  direct  course.  In  the  present  case  tlie 
ratercepted  arc  will  be  0,  showing  that  r  is  on  the  meridian  of  a. 

2.  A  ship  from  Cape  Clear,  in  lat  51°  25'  N.,  sails  1st,  8.S.E.  J  E.,  16 
miles  ;  2d,  E,S.E.,  23  miles ;  3d,  S.W.  by  W.  ^  W.,  36  miles ;  4th,  W. 
i  N.,  12  miles ;  5th,  8J!.  by  E.  ^  E.,  41  miles :  required  the  distance 
tjiade  good,  the  direct  course,  and  the  latitude  reached  ? 


Lat  left  51°  25'  N. 

Diff.  lat  69"6  miles         1      0    S. 


Lat.  in 


50    25   N. 


Then  by  means  of  the  whole  dif.  of  lat.  and  dcp.,  which  are  the  two 
perpendicular  sides  of  a  right  angled  triangle,  one  of  the  acute  angles 
find  hypotJieniise,  or  the  direct  course  and  distance,  may  be  computed  as 
foUowa ; 
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diff.  lat.     59*6  log.         1-11525 
iloparture  19'6  log.         1*26226 

course  18°  12'  log.  tan  9'51^0I 


l'2922e 
S'49462 


distance  62-'74 


IS  the  difference  of  latitude  is  south,  and  the  departure  east,  tli« 
direct  course  is  8.  18°  12'  K,  and  the  distance  made  good  32''!4  milea. 

To  construct  this  trarerae,  describe,  as  before,  the  horizon  circle,  with  ft 
radius  equa!  to  the  chord  of  60°,  and  taking  from  the  line  of  rhumbs  tlie 
chord  of  the  first  course,  2  J  points,  apply  it  from  S  to  1 ,  to  the  right  of 
8  N,  as  this  course  is  soutfi-easterly  ;  apply,  hi  like  manner,  the  chord  of 
the  second  course,  six  points  from  S  to  2,  also  to  the  right  of  the  meri- 
dian hne ;  apply  the  chord  of  the  third  course,  5  i  points  from  8  to  3,  (o 
the  left  of  the  meridian,  the  chord  of  the  fourth  course,  7^  from  N,  to 
4,  to  the  left  of  N  S,  this  couree 
being  north-westerly,  and,  lastly, 
apply  the  chord  of  the  fifth 
coui'se,  5j  points,  fi'om  S  to  5, 
to  the  right  of  8  N.  In  the 
direction.  4l,  Jay  off  the  distance 
AB=  16  miles  from  a  scale  of 
equal  parts ;  in  the  direction 
parallel  to  a2,  lay  off  the  distance 
BO  =  28  miles ;  in  the  direction 
parallel  to  aS,  lay  off  cq  =  36  ; 
th  d      t      p     11  1  to    4  1 

ff       =12  mA  d    1    tly 

tl      1      t        f      11  1  1       S 
1  y      ff        =  41     Ih  II 

h    th    jl'u.      t  th     hp    t  tl 
d    f  ti     t  CO      q      t 

1         wUlthdtcemd 
g  od       d  th  1  th 

d  eet         se      jplj    g    th 
!       th    di  tan  to  th         ! 

t    q    1  1    t     w      h^I  fi    i    t 
hstai      &i  t    tl     1        f    b    d    I 
b}  th    %  1     f   h      b     t     II  b    I 


h  £  om  0  to  62f ; 

1   11  find  it  reach  from  0  to  1S°,  oi 

d  to  measure  one  point  and  a  half. 
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;t.  A  shij)  from  kt.  28"  32'  N.,  Ii;is  tun  tlw  f^ilioiving  »tiHes,  viz^  Jst, 
N\W.  byN.,  20  miles;  2(1,  8.W.,  40  miles ;  3d,H.E.  by  E.,  60  miles; 
4tli,.S:E.S5  miles;  5tli,  W.  by  9.,  41  miles;  6th,  E.N.E.,  66  miles, 
l&jquired  her  present  latitude,  the  distance  made  good,  and  tbe  direct 
course  from  the  place  left. 

The  direct  course  is  duo  oast,  and  distance  70*2  miles,  the  sbip  being  in 
tbe  same  latitude  at  the  end  as  at  the  beginning  of  tbe  traverse. 

4.  A  ship  from  lat.  41°  IS'  N.,  sails  S.W  by  W.  21  miles;  S.W.  ^  8. 
31  miles;  W.S.W.  i  8.,  16  miles;  S.  |  K,  18  miles;  S.W.  i  W.,  14 
miles ;  and  W.  j-  N.,  30  miles ;  required  the  latitude  of  the  place  arrived 
at,  and  the  direct  course  and  distance. 

Lat.  40°  5'  N.;  course  S.  52°  49'  W. ;  distance  111-V  miles. 

5.  A  ship  runs  tbe  following  courses,  viz. 

■  1st,  S.E.,  40  miles ;  2d,  N.E.,  28  miles;  3d,  S.W.  by  "VV.,  62  miles-, 
4th,  N.W.  by  W.,  80  miles ;  5th,  8.S.E.,  36  miles  ;  6th,  S.  E.  by  E,,  58 
miles;  required  the  direct  course  and  distance  made  good.  Direct  course 
S.  25°  42'  E^  or  8.  S.  E.  J  E.  nearJy  ;  distance  96*69  miles. 

These  examples  will  aufficientiy  illustrate  the  principles  of  plane  sailing, 
in  which,  course,  distance,  difference  of  latitude,  and  departure,  are  the 
only  quantities  which  enter  into  the  problem,  two  of  them  being  always 
given.  The  determination  of  the  difference  of  longitude  made  on  any 
couiae,  which  is  the  distance  between  the  meridians  measured  on  the 
eqiiator,  cannot  be  effected  by  tbete  pnncijle^,  f^r  this  element  is  not  the 
samo  as  if  the  meridians  were  ill  parallel  to  each  other,  as  js  the  Lase 
with  the  other  elements.  The  finding  ot  tbo  1  ff  rence  of  longitude  is 
tbe  easiest  when  the  ship  sails  due  CTit  or  du  »  st  tbit  is,  upon  i 
parallel  of  latitude ;  this  is  called 


!)9.  The  theory  ot  parallel  sailing  is  comprehended  iii  the  following 
proposition,  which  admits  of  a  \anety  of  other  applications 

Tlte  arc  of  a  gnat  circle  ccmpi ehertded  between  two  of  Us  secondoTies 
it  to  the  are  of  a  patalkl  small  ctrele,  eompichetided  between,  the  '.ame 
secondaries,  as  radfus  imity  is  to  the  i.osme  of  the  distance  betueeji  ike 
great  drcle  and  its  paialh!,  measured  on.  (me  of  the  secondares  (See 
apberical  Geom.,  Prob  2,  Cor  6  ) 

Applied  to  the  case  under  coneideration  the  above  propoBibon  would 
run  as  follows,  viz  : 

The  cosine  of  the  latitude  of  the  parallel  is  to  the  distance  run  as  the 
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radius  to  tlie  difierenco  uf  longitude.  This  may  bo  diimonstrated  a? 
follows : 

Let  iqH  represent  the  equator,  and 
BDA  any  parallel  of  latitude ;  ci  will 
bo  the  radius  of  the  equator,  and 
CB  the  radius  of  the  parallel.  Let 
BD  be  the  distance  sailed,  then  the 
difference  of  longitude  will  be  mea- 
sured by  the  arc  iq  of  the  equator, 
and  since  similar  arcs  are  to  each 
as  the  radii  of  the  circles  to  which 
tiey  belong,  we  have 

CB  :  CI  :  :  dist  bu  ;  diff.  long,  kj 
But  en  is  the  cosine  of  the  latitude  ib  to  the  radius  cr,  and  as  cosine 
and  radius  are  proportional  in  different  circles, 
CB  :  01  :  :  cob  lat.  :  r 

llie  firat  two  terms  of  these  proportions  being  the  same,  the  last  atft 
proportional,  and  wo  have 

cos  lat.  :  Bad.  :  :  diataaee  r  diff.  long.  (l) 

Corollaiy  ;  hence  if  the  distance  between  any  two  meridians,  measured  on. 
a  parallel  in  latitude  l  be  d,  and  the  distance  of  the  same  meridians, 
measured  on  a  parallel,  in  latitude  l'  bo  u',  we  shall  have  (Spher.  Geom., 
Prop.  II.,  Cor.  6), 

for  both  the  ratios  of  (2)  will  be  equal  to  u  :  diff.  long. 

By  lefanng  to  piopoitian  (1)  it  will  be  seen  that  jt  any  one  oi  the  3ec 
of  a  nRht  angled  ti  ingle  rej  resent  the  listanco  lun  tu  any  paiiUe!  aud 
thp  adjacent  acute  angle  be  equal  fo  the  degrpcs  ot  lat,  of  that  parallel 
then  the  hypothenuse  wjll  lepiesent  the  difference  of  longitude  since  thu- 
hypothenuse  will  be  detennuipd  bj  thit  jropoitijn 

The  rght  angled  triangle  used  m  plane  sailmg  maj  therefcre  be 
employed  here  changina;  the  mmes  of  its  eLmenla  iiz  eourt'  jnto 
latitude  dJfereTice  of  latitude  mto  distance  and  distance  into  difference  of 


And  a  traverse  table  computed  to  degrees  and  fractions  of  a  degr 
instead  of  points  and  quarter  points,  may  be  employed  to  solve  problen 
in  parallel  sailing. 
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Formuk  (l)  above  may  bo  espresscd  by  the  followiug  rule.  Divide  the 
distance  sailed  by  Ike  cosine  of  the  latitude,  and  the  quotient  wUl  be  the 
difference  of  hngiiude. 


1.  A  ship  from  latitude  53°  56'  N.,  longitude  10°   18'  I 
lue  west,  336  miles  :  required  Iier  present  longitude. 
By  the  rulo 


53°  56 

log.  cos     O'V6091 

236 

log.           2-3  7291 

y.  409 

log.           2-00300 

Long,  left 

10°  18'  E. 

409  , 
--^  degrees  = 

=      6    49 W. 

Long,  reached 

3    29   E. 

2.  If  a  ship  Esul  E.  126  miles,  from  the  North  Cape,  irt  lat.  1l°  lO'N., 
and  then  due  N.,  till  she  reaches  lat.  73°  20'  N. ;  how  Ear  must  she  sail 
W.  to  reach  the  meriiJian  of  the  North  Cape  ? 

Here  the  ship  sails  on  two  parallels  of  latitude,  first  on  the  parallel  of 
1\°  10',  and  then  on  the  pai'allel  of  73°  26',  and  makes  the  same  dif 
ference  of  longitude  on  each  parallel.     Hence  by  the  corollary, 


As  COS.  lat. 

71°  10' 

arith. 

comp.  0*49104 

:   distance 

126 

2-10037 

:  -.  cos  lat. 

73    26 

9-45504 

:  distance 

111-3 

2*04645 

3.  A  ship  in  latitude  32°  N.  aaiis'duo  cast,  till  her  difference  of  W^- 
tiide  is  384  miles  ;  required  the  distance  run. 

325*6  miles. 

4.  If  two  ships  in  latitude  44°  30'  N.,  distant  from  each  other  216 
miles,  should  both  sail  du'ecfly  south  till  their  distance  is  256  miles,  what 
latitude  would  they  arrive  at ! 

32°  17'  N. 

5.  Two  shii>a  in  the  parallel  of  47°  54'  N.,  have  9°  35'  differeirce  of 
lon^tttde,  and  they  both  s£ul  directly  south,  a  distance  of  836  milea 
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requireil  their  distance  from  each  other  at  the  parallel  left,  and  at  that 
reached. 

3B5"5  miles,  and  476-9  miles. 


100.  Having  seen  how  the  longitude  whicii  a  ship  makes  when  sailing 
on  a  parallel  of  latitude  may  be  determined,  we  come  now  to  esamine  the 
jnoro  general  problem,  viz.,  to  find  the  longitude  a  ship  makes  when 
sailing  upon  any  oblic[ue  rhumb. 

There  are  two  methods  of  solving  this  problem,  the  one  by  what  is 
called  middle  latitude  milinff,  and  the  other  by  Mercator's  a<eilm(/.  The 
first  of  these  mettods  is  confined  in  ita  application,  and  is  moreover  some- 
what inaccurate  even  where  applieable ;  the  second  is  perfectly  general, 
and  rigorously  true;  but  still  there  are  cases  in  .which  it  is  advisable  to 
employ  the  method  of  middle  latitude  ssuling,  in  preference  to  that  of 
Mercator's  sailing ;  it  is,  therefore,  proper  that  middle  latitude  sailing 
should  be  explained,  especially  since,  by  means  of  a  correction  to  be  here- 
after noticed,  the  usual  inaccuracy  of  this  method  may  be  rectified. 

Middle  latitude  sailing 
proceeds  on  the  supposition 
that  the  departure  or  sum 
,of  all  the  meridional  dis- 
tances 66',  cc\  dd',  &c.  from 
A  to  H,  is  equal  to  the  dis- 
auco  m'm  of   the  meridians 


the  middle  parallel  of  lati- 
tude between  a.  and  b. 

This  supposition  becomes 
veiy  inaccurate  when  the  course  is  small,  and  the  distance  mn  great ;  for 
it  is  piMu  that  the  middle  latitude  distance  between  the  extreme  merfr 
dians  will  be  much  greater  than  the  departure,  if  the  track  a  b  cuts  the 
successive  meridians  at  a  very  small  angle. 

ITie  piinciple  approaches  neai'er  to  accurate  as  the  angle  a  of  t3ie 
course  increases,  because  then  as  but  little  advance  is  made  in  latitude, 
the  several  component  departures  lie  more  in  the  immediate  vicinity  of 
the  middle  latitude  parallel.  But  since  in  vary  high  latitudes,  a  small 
advance  in  latitude  makes  a  considerable  difference  in  meridional  distance, 
this  prindplo  is  not  to  be  recommended  in  such  latitudes  if  much  accuracy 
'» re<|uired. 
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vovcr,  of  a  small  table  of  corrections,  coiistructed  by  Mr. 
iraperfcctwns  of  the  middle  latitude  method  may  be 
removed,  and  the  result  of  it  rendered  in  all  cases  accurate.  This  table 
we  Lave  givou  at  the  end  of  the  present  volume. 

The  mica  for  middle  latitude  sailing  may  be  thus  deduced. 

It  lias  been  seen  at  (Art.  97),  tliat  the  difference  of  latitude,  departure, 
and  distance  sailed  on  any  oblique  rhumb,  may  be 
all  accurately  represented  by  the  sides  ab',  b'b,  ab, 
of  a  right  angled  piano  triangle.  Now,  by  the  pre- 
sent hypothesis,  the  depaitare  b'b  is  equal  to  the 
middle  latitude  distance  between  the  meridians  of 
the  places  sailed  from,  and  anived  at,  so  that  the  dif- 
ference of  longitude  of  the  two  places  of  the  ship  is 
the  same  as  if  it  had  s^ili^d  the  distance  b'b  on  the 
.  middle  latitude  panllcl ,  tlii"  determination  of  this 
difference  of  longitude  11,  tlierpfore,  reduced  to  a  casf  -A- 
of  parallel  saihng ;  and  since,  ^s  we  hwe  "seen  (p  215),  the  foimula  for 
])arallel  sailing  is  a  propoition  whiih  e\presses  the  relation  between  the 
elements  of  a  right  angled  plane  tmngle  in  which  the  base  is  the  dist 
sailed,  the  angle  at  the  base  tho  lat ,  and  the  hypothenuse  the  difl  of 
long.,  let  r'da'  be  this  tiiangle,  m  which,  iccordmg  to  the  theory  of  mid 
kt.3iuling,  the  departure  b'b  takes  the  phoe  of  the  dist,  mailed  Fiom  thefe 
triangles,  the  two  partial  ones  of  which  are  right  angled,  and  the  total  one 
not,  we  have  the  following  theorems,  viz.,  in  the  triangle  a'b'b, 


that  is 


:  radius  : 


I.  Cos.  raid,  lat  :  departure  :  :  radius  :  diff.  of  h 


which  is  not  right  angled. 


II.  Cos  mid.  lat.  ;  distance  :  sin  course  :  diff.  long. 

In  the  triangle  abb',  we  have  the  proportion  (Art,  41), 

R  ;  tan  a  ;  ;  ab'  :  ;  ot' 

comparing  this  with  the  first  proportion  above,  observing  that  the 
of  this  are  the  means  of  that,  we  have 


lit.  Diff.  lat,  :  diff.  long.  :  :  c 
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These  three  proportions  comprise  tlie  theory  of  middle  latitude  sailing, 
and  when  to  tiio  middle  latitude  the  proper  correcUon,  taken  from  Mr. 
Workman's  table,  is  added,  these  theorems  will  be  rendered  stricUy 
accurate. 

This  k  Table  XXIX ;  the  middle  l^ititde  is  tobe  found  in  the  first  column 
to  tlie  left  ;  in  a  horizontal  line  with  whieh,  and  under  the  given  difference 
of  latitude,  is  inserted  the  proper  correction  to  be  added  to  the  middle 
latitude  to  obtEua  the  latitude  in  which  the  meridian  distance  is  aconratel)' 
equal  to  the  departure.  The  formula  for  constructing  this  table  is  obtained 
as  follows  ■* 
Let 

d  ^  proper  diff.  of  lat, 

D  i=  meridiona!  diff.  of  lat. 

m,  =  middle  latitude. 

M  ^  m.  +  correction. 

I.  =  diff.  of  longitude. 

ITien  (Art.  100,  Form  TIL), 

cos  MX  I- 


tan  course  - 
But  (Art.  101,  Rule  1), 


radxj- 


1.  A  ship,  in  latitude  51°  18'  W.,  longitude  22°  6'  W.,  has  sailed  S. 
33"  5'  K.,  required  her  latitude  and  lon^tude. 

The  required  latitude  is  found  by  plane  sailing,  as  follows; 

Course    33''  a'       log.  cos     9*92818 
Dist.        1024        log.  S-01030 

DifF.  lat.  853  2-93348 

'  Ttio  inveatisalion  of  tbis  formula  should  be  postpaned  until  otUr  reading  iha 
next  article,  and  may  be  omitted  entirely. 
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Latleft  61°  18'  N. 

DIff.  lat  14    18 

Lat.  required    37°         N. 
To  fitid  the  longitude  by  mid.  lat.  sailing. 
Lat.  left  51°  18' 

"     reached      37° 
Sum  88    18 

^  Sum  44°    9'  mid.  lat. 

Then  by  tho  proportion  iii.  above, 

eo9.  mid.  Jat.  44°  9'  ar.  comp  log.  0*14413 
:  tan  course  33    5  log.  9-81390 

: :  dilF.  lat.  858  log.  2-93349 

:  dlff,  long.  779  log.  3-89157 

la  this  operation  the  middle  latitude  has  not  been  corrected,  so  that  the 
difference  of  lon^tude  here  detennined  is  not  without  error.  To  find  the 
proper  correction,  look  for  the  given  middle  latitude,  viz.,  44°  9'  in  the 
table  of  oorrecUon.^  the  nearest  to  which  we  find  to  be  44°  ;  agmnst  this 
and  under  14°  diff.  of  lat.  we  find  27',  also  under  15°  we  find  31',  the 
difference  between  tie  two  being  4' ;  hence  corresponding  to  14°  18'  the 
correction  will  be  about  28'.  Hence  the  corrected  middle  latitude  is  44° 
37',  therefore; 

COS.  corrected  mid.  lat.  44°  37'  ar.  comp.  log.  0*14763 

:    tan  course      33      5  9*81390 

:  :  diff.  lat.         858  2*93348 

:    diff.  long.  785-3  2-89502 

therefore,  the  error  in  the  former  result  is  about  0J-  miles. 

Long,  left,         22°  6'  W. 
Diffi  of  long.  785  =  13°  5' 

9°  1'  W. 


2.  A  ship  stdla  in  the  N.W.  quarter,  248  miles,  till  her  departure  ii 
135  miles,  and  her  difference  of  longitude  310  miles ;  required  her  course 
the  latitude  left,  and  the  latitude  come  to. 

Couree  IS.  32°  SO'  W. ;  laL  left  62°  27'  N. ;  lat.  in  65°  52'  N. 
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;i.  A  ship,  from  latitude  37°  N.,  longitude  9°  '2'  "W".,  having  sailed 
between  the  N.  and  W.,  1037  miles,  reckons  Uiat  she  has  made  564'iniles 
of  departure  ;  what  was  her  direct  course,  and  the  latitude  and  lon^tude 
reached,  the  middle  latitude  being  uncorrected  by  Workmiui's  table? 

Course  H".  30°  19'  W.  or  N"."W.  by  "N".  nearly  ;  kt.  G\°  18'  N. ; 
long.  22°  h'  W. 
4.  Required  the  course  and  distance  from  a  point  in  lat.  31"  48'  N., 
long.  25°  IS'  "W.,  to  a  jwint  in  lat.  50"    13'  N.,  long.  3°  38'  W,,  the 
middle  latitude  being  corrected  by  Workman's  Table. 

Coursi:  ¥.  51°  11'  E. ;  distance  1189  miles. 


This  is  for  tke  determination  of  difference  of  longitude  when  a  ship  sails 
on  any  oblique  rhumb. 

101,  It  has  already  been  seen  that  when  a  ship  stuls  on  any  oblique 
rhumb,  the  difference  of  latitude,  the  departure,  and  the  distance  run,  are 
truly  represented  by  the  sides  of  a  rightrangled  plane  triangle.  Let  ab'b 
in  tiie  annexed  diagram  be  this  triangle,  a  representing  the  couibc,  ab'  the 
diff.  of  lat,,  and  b'b  the  departure.  Let  ac'  be  a  sufficiently  greater  dif- 
ference of  latitude  to  make  the  corresponding  departure  cc'  equal  to  the 
difference  of  longitude  required.  This  increased  difference  of  latitude  ac' 
is  called  the  mmidi<mal  difference  of  latitude,  ae' 
being  called  the  proper  difierence  of  latitude,  by 
way  of  distinction  The  solution  of  the  triangle 
Ao'c  then  will  sene  to  determine  the  difference 
of  longitule  c  c  In  this  triangle  wo  know  the 
course  A,  and  we  shall  now  show  how  to  construct 
a  table  for  finding  the  side  ac',  the  meridional 
difference  of  latitude.  The  departure  b'b  repre- 
sents the  sum  of  all  the  very  small  meridian  dis- 
tances, or  elementary  departures,  h'b,  c'c,  Ac,  in 
the  diagram  at  Art.  100,  the  difference  of  latitude 
ab'  represents  the  sum  of  all  the  con'esponding  small  differences  in  the 
figure  referred  to,  and  the  distance  ab  the  sum  of  all  the  corresponding 
distances  a6,  be,  cd,  &c.,  and  each  of  these  elemenfa  is  supposed  to  be 
taken  so  exceedingly  small  as  to  form  on  the  sphere  a  series  of  triangles, 
differing  insensibly  from  plane  tiianglea. 

Let  ih'b  in  the  annexed  diagram  represent  one  of  these  elementary  ta- 
angles,  b'b  will  be  one  of  the  elements  of  the  departure,  and  Ab',  the  «»■ 
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responding  difference  of  latitude  anl  as  i6  i  i  si  nil  portion  of  a  paral- 
lel of  Jati'-fldo,  it  will  bo  to  a  siradtr  porfinu  of  tli3  equator  or  of  the 
meridian,  as  tie  coaios  of  its  latitude  to  radius  (Art,  99)  t!i  3  siniilar 
portion  of  the  ec[iiator,  or  of  the  mondian  bung  the  d  ff  renco  of  longi- 
tude between  b'  and  b.  Sufposo  now  tht  dstmoe  a6  prolorgcd  io  p, 
till  the  departure  p'p  is  equal  to  tlie  diff  ence  of  Ions;  tu  le  of  6  ,  and  ft, 
then  b'b  will  beto  p'p  as  the  cosine  of  the  hbtu  le  f  6  6  to  the  radius ; 
but  6  b  :  p'p  :  :  aJ'  :  a^*  ;  henco  the  proper  d  ffeiencc  of  a!  is  (o  the 
mcreased  difference  Ap'  as  the  cjs  ne  of  thf  htifude  of  ?  6  to  tim  radius. 
GfJIing,  therefore,  the  proper  dffeience  of  Utitule  I  tha  inupised  differ- 
ence of  latitude  d,  the  latitude  of  bb  I  and  the  ridius  1  whi^h  it  is  in 
the  table  of  natural  sines,  this  proportion  will  bo  jn  syjiibols 

d-.K-.-.cosl-.l 

The  ship,  therefore,  having  made  the  small  departure  b'b,  and  the  dif- 
ference of  latitude  A6,'miist  continue  her  coui'se  IJil  the  difference  of  lati- 
tude becomes  o,  in  otder  that  her  departure  may  become  equal  to  the  dif- 
ference of  longitude  corresponding  to  b'b.  Conceiving  all  the  elementary 
distances  to  be  in  this  manner  increased,  the  sum  of  all  the  corresponding 
increased  departures  will  necessaiily  be  the  whole  difference  of  longitude 
made  by  tho  ship  during  the  course.  The  determination  of  ac'  requires 
the  previous  determination  of  all  its  elementary  parts ;  if  rf  be  taken  equal 
to  1',  each  of  these  parts  will  be  expressed  by  n  =  1'  sec  I,  or  d  ;=  sec  /, 
that  18,  sec  t  expresses  the  meridional  difference  of  latitude  cori'csponding 
to  a  proper  difference  of  latitude  of  I'atthelatitudei/giving  i  succesaivelv 
the  values  1',  2',  3',  &c^  up  to  00°,  and  adding  the  result  of  tJie  second 
substitution  to  that  of  the  first,  and  so  on,  we  shall  have  in  succession,  the 
values  of  the  increased  latitude  corresponding  to  1',  2',  0',  Ac.  of  proper 
latitude  ;  tiiese  values  are  callei  the  m  > id?  tal  parti  OTesponlin^  to 
the  several  proper  latitudes,  and  nhen  registo-cd  m  x  tabl",  form  a  tab!" 
of  meridional  parts,  given  in  -dl  books  on  Nmgafwn  * 

Hie  followingschememay  serveasaspecimen  of  the  manner  m  wh*,b 
such  a  table  may  be  constructed  and  indeed,  of  the  manner  m  which  the 

•  In  other  worda,  a  table  of  meiidional  parla  s  a  tallB  ol  d  fferencea  of  lullule 
cipressed  in  geographic  miles,  uach  d  ffarence  of  Untude  bei  ig  eno  igh  greater  ll  ^ 
lU  corresponding  proper  differenoe  of  latitnde  to  mako  the  departure  eqaaJ  to  Ihs 
diSer^ce  of  longitude.  The  labia  gives  the  metid  onal  difference  between  the 
equ&tDr  and  any  given  latitude. 
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fiist  table  of  merldionivl  parts  was  actually  formed  by  Mr.  Waioirr,  t.lia 
!r  of  this  iDgenious  and  valaable  method. 


Mer.  parts  of  1'^  nat.  sec  1'. 

Mer.  parts  of  S'=  nat.  sac  1'+  nat,  sec  2'.* 

Mer.  parts  of  3'=  nat,  sec  1'+  nat.  sec  2'+  nat.  sec  3'. 

Mer,  parts  of  i'—  nat.  sec  1'+  nat.  see  S'-f.  nat.  sec  3'+  nat-,  sec  4', 

Hence,  by  means  of  u  table  of  natui'.al  secants,  wc  li.ive 

Mer.  parts  of  1'=  1*0000000        I-IOOOOOOO 

Mer.  parts  of  2'=  1-0000000  +  1*0000002  =  2-00000002 
Mer.  parts  of  3'=  2-0000002  +  1-0000004  =  3-00n00006 
Mer.  parts  of  i'=  3-0000006  +  1*0000007  =  4*00000013 
&c.  ^'c 

There  are  other  methods  of  construction,  but  this  »  the  most  ample 
and- obvious.  The  meridional  parta  thus  determmcd  am  all  expressed  in 
geographical  miles,  because  in  the  general  expreosiun  d  =  1'  sec  l,l'i&& 
geographical  mile. 

Having  thus  formed  a  table  of  rneridionil  p^rls  (lable  TIL  at  the  end), 
if  we  enter  it  with  the  latitudes  asuled  from,  and  reached,  and  take  the 
difference  of  tlie  corresponding  parts  in  the  table,  tlie  remainder  will  bo 
the  raeridional  difference  of  latitude,  or  the  line  ac'  in  the  preceding 
diagram. 

The  angle  a  is  the  given  course,  so  that  diere  are  known  in  n  right 
angled  triangle  Ac'c,  an  angle  and  the  side  adjacent,  to  find  the  side 
opposite.    The  following  is  the  rule. 

1.  The  lauffenl  of  the  course  X  meridional  difference  of  lalilude  =  tlu 
difference  of  longitude  ;  or  if  the  departure  be  given  instead  of  the  course^ 
then  from  the  similar  triangles  ab'h,  ac'c,  the  proportion  will  be 

2.  As  the  proper  difference  of  latittide  is  to  the  departure,  so  is  the 
meridional  difference  of  latitude  to  the  difference  of  longitude.  Other 
proportions  immediately  suggest  themselves  from  the  preceding  figure. 

*  Observe  tbat  the  meridional  parle,  oi  meridional  difF.  of  latitude  from  th<)  equator 
W2'  of  latitude  will  be  the  sum  of  the  meridional  parts  from  tiie  equator  to  1',  pins 
the  meridional  parts  Irom  I'  to  H',  whicb  latter  is  nat.  Eee.  9'.  Again,  Ibal  tha 
meridional  pai-tsfrom  tbe  equator  to  3'  is  the  sum  of  the  meridional  pnrta  from  tha 
equator  to  3',  aod  tbe  metidional  parts  from  2'  to  3',  which  taller  a  the  nat.  me,  3'. 
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1.  A  ship  from  latitude  42°  30'  N.,  and  longitude  58°  51  W,,  having 
Btuled  S.W.  hj  S.  800  miles,  required  the  latitude  and  lon^tude  at  which 
she  has  arrived. 

To  find  the  diff,  of  lat  by  plane  sailing. 


DlBt. 

Course, 


log. 


i  9*91985 


33°  45'  log. 
Proper  dif.  kt.  24G*4     log.        2*39697 
To  find  the  diff.  of  long,  hj  Mercator's  sailing. 

Lat.  left,  42°  30'  N*  mer.  parts  2B32 

Prop,  diffi  lat.  249  =  4"    9' 

Lat.  reached,     38°  21'*    mer.parfa      2495 
Long,  left,  58°  51'  Mer.  diff.  lat,  327        log.        2*51455 

Diff.  long,  219=    3°  39'  Course,  33°  45' log.  tan  9-82489 

Long,  reached,      02°  30'  Diff.  oflong.  318*5     log.        2-33944 

2.  Required  the  course  and  distance  from  Gape  Cod  light-hi 
43"  3'  N.,  long  70°  4'  W.,  to  the  island  of  St,  Mary's,  lat.  36"  69'  N. 
long.  25°  10'  W. 

Cape  Cod,  lat.  42"    3'  N.         Mer.  parts,  2786 
St.  Mary's,  lat.  36°  59'  N.        Mer.  parts,  2391 
5°    4'    Mer  diS:  lat.  395 

60 
Prop.  diff.  lat.     304 

To  FiHD  THE  CouHSE  (by  Ruls  1.) 
Mend.  diff.  lat  395  log.        2'59G60 
Diff.  of  long.  2694  log.         3*43040 
Course81°40'        log.tan  10*83380 
Proper  diff.  lat.  304  miles 
e  2098  miles 


lat- 


Long 

70° 

25° 

44° 

60 

4- W. 
10' W. 
64' 

iff.  long 

2694  miles. 

rAN-..«. 

Plane  Sailinii, 

S 

•16116 
■48287 

*  Enter  tab.  of  mer.  parts  with  the  argument  42°  30',  rand  lake  out  the  mer.  j 
corresponding,  viz.,  2333,  whioh  ia  the  meridional  dllf.  of  lat.  from  the  cqiiato 
42°  30'  N.  Again  enter  the  tab.  with  the  argument  38°  21' ;  the  correEpom 
mer.  parts,  or  mor.  diff  of  lat,,  ftom  the  equator  lo  lal.  38°  21'  N.  will  be  fount 
be  2495.  Subtract  the  latter  from  the  former,  and  the  remainder  will  be  the  n 
dional  diff.  of  lal.  between  38°  31'  N.,  and  42°  30'  N. 
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3.  A  sliip  I'roui  latitude  37°  N.,  and  longitude  31"  16'  \\  ,  Ina  sailed 
in  a  north-westerly  directiou  300  miles,  till  slie  has  reached  the  htituJa 
of  41°  N,  Required  the  predse  coiii'se  on  which  she  has  sided  ^^d  the 
longitude  at  which  she  has  ai'rived. 

Aits.  Course  36°  52' ;  Long.  3Q°  S 
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APPENDIX    III. 


GREAT  CIRCLE  SAILING. 

1.  The  shortest  path  from  one  point  lo  another  on  tha  surface  of  a  sphere  ia  ilie 
ire  of  a  great  circle  (Geom.,  App.  III.,  p.  2).  A  ship,  thetefore,  sailing  on  tho  ate 
of  a  gicat  circle,  joining  her  point  of  dopartura  and  point  of  destination  on  llie  sui- 
faoe  of  the  eailh.,  will  nialte  a  ahorlef  vojago  than  if  she  sails  in  the  direct  course, 
that  is  upon  tha  rhumb  line  joining  the  same  two  points. 

The  practical  application  of  great  circle  sailing  will  consist  in  datenniuiog  as  often 
sa  the  ship's  place  ia  found,  that  is  to  say  her  latitude  and  longitude,  nhii.h,  under 
ordinary  circumstances,  occurs  daily,  the  direction  which  she  ought  lo  take,  m  order 
to  sail  on  the  gieat  circle  from  the  point  where  the  ship  is,  to  the  point  of  de«tma 
tion.  This  problem  is,  in  effect,  solved  in  the  example  on  p  137  In  the  diagram 
at  that  place,  s  denotes  tho  poiut  where  the  ship  is,  s'  the  pomt  of  destination,  and 
tlie  angle  pss'  tha  course  which  the  ship  ought  to  steer,  in  order  to  sail  i  n  the  groal 
circle  fiom  s  lo  s'.  The  solution  of  the  problem  of  Great  CuoSe  Sading,  it  appaars, 
from  the  example  referred  to,  requir  p  N  p  Analogies,  forms 

IX.  and  X.  of  Art.  BG.    In  a  pra  se         G         Cu   o  Sailing,  which 

appeared  in  1846,  by  S.  T.  Coit,  a  d  d    he  "  Great  Circle 

Table."     It  ia  a  table  of  double  entry         wh  the  ratio  of  the 

cosma  of  the  ha!f  sum,  to  the  cosin         h  diif  d    f  tha  ratio  of  tiia 

Bue  of  the  half  sum  to  the  sma  of  th   h      d  fl  h  udes  of  s  and  a', 

will  be  found  computed  for  any  two  latitudes.  You  entar  this  table  with  tho  loss  of 
(he  given  latitudes  at  top,  and  the  greater  at  the  side  ;  under  the  fonner,  and  on  the 
range  of  the  latter,  in  the  column  entitied  suie,  ia  found  the  logarithm  of  the  ratio  of 
the  sine  of  half  the  sum  to  the  sine  of  the  half  difference,  and  in  tho  column  entitled 
ooaine,  the  ratio  of  the  cosine  of  the  half  sum  to  the  cosine  of  the  half  dilFerenee  ; 
if  lo  each  of  these  be  added  the  log.  cotangent  of  the  difference  of  longitude  of 
the  point  where  the  ship  ia,  and  the  point  for  which  she  is  destined,  the  results  will  ha 
Ihe  logarithmic  tangent  of  the  half  sum  and  half  difforenco  of  the  angles  s  and  s', 
llie  former  of  which,  via.,  s  will  be  the  course  upon  which  the  ship  should  be 
directed. 

The  example  at  p.  137  adapted  to  this  place  should  read  as  follows : 

1.  Ashipfromlat,30°,long.41O34'36",  ia  bound  to  a  point  in  !al.  51°  30', 
long.  lO'',  upon  what  course  must  sha  sail  in  order  to  pursue  the  ahortosl  path  to  her 
destination  1 

Ant.  30O  28'  13". 
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228  NAVIGATIOK. 

a.  A  ship  in  Int.  40°  30'  N.,  long.  70o  W.,  is  bound  for  a  pkco  in  \m.  51°  32' 
N,.  long,  9°  37'  W„  required  the  course  for  Great  Circle  Sailing  1 

Ini   N  54    J   E 

The  computation  of  liie  th  rd  sido  E  in  ihf  sime  tningle  gne'  the  distance 
Bailed. 

As  a  steamer  in  ordinary  weather  pursues  steadily  the  course  ot  the  i^feat  ouclo 
from  port  to  port,  it  may  bo  tanvenient  to  calcukte  beforehand  tlia  po«iti  n  of  thu 
points  in  which  this  great  ciri-le  inter=ei.ts  the  mer  d  ans  for  every  iive  degrees  of 
longitude  (five  degrees  be  ng  about  tht  daily  progreis  o!  a  first  daas  steamer)  and 
then  if  the  ship  lays  upon  llie  duBol  oOutsb  fir  these  p  jnls  BUCCi.3=ivoly  t  will  ba 
euflioient,  since  the  rhumb  line  diffeiB  msens  bly  from  the  art  of  a  great  c  rele  f  r  so 
short  a  distance.  The  method  of  determining  these  la  sunplo.  For  when  the  angle 
S  ia  calculated,  it  is  only  necessary  to  employ  the  last  two  forms,  XI.  and  XII.  {Art. 
SB)  of  Napier's  Analogies,  which  are  used  for  solving  a  spherical  triangle  when  two 
angles  and  the  inteijacent  aide  are  given. 

The  data  will  be  the  colatitude  of  the  point  s,  the  course  Fas' previously  calculated, 
and  the  angle  whieh  the  meridian  ps  makea  with  the  meridian  whose  point  of  inter- 
section with  the  great  circle  couree  fi:om  s  to  s'  is  to  be  calculated  ;  in  other  words, 
the  dillerence  of  longitude  of  iheao  two  meridians. 

The  logarithm  of  the  ratio  of  the  cosines  and  sines  of  the  half  sum  and  half  dif- 
ference of  the  given  augloa  may  he  taken  from  "  The  Circle  Table,"  entering  it  with 
the  complements  of  these  angles  j  the  log  tangent  of  the  given  side  will  be  the  same 
in  the  calcul  ition  for  each  meridian  ,  the  solution  of  the  triangle  for  each  meridian 
giving  the  colatitude  of  the  point  m  which  the  great  oirdo  path  mtereeets  the 
meridian,  and  the  course  which  the  "hip  ought  to  take  m  departing   from  that 


A  ship  sailing  from  the  port  of  New  York  to  Havre  or  Liverpool,  by  the  shortest 
path,  would  steer  from  Sandy  Hook,  lat.  40°  37'  30",  long.  74°  00'  48"  W.,  E,  j 
S.'tunning  on  the  rhnmh  line,  and  ihaa  give  the  south  shoal  of  Nantucket  a  berth 
of  about  15  miles  ;  fiiim  this  she  would  sail  to  a  point  in  lat.  41°,  long.  68°,  on 
Boulhem  part  of  George's  shoal,  in  35  fathoms  of  water.  From  this  point  she 
would  commence  Great  Circle  Sailing,  Eolhing  being  gained  in  taking  the  great 
eiicle  rather  than  the  rhumb  line  in  the  previous  short  distances.  As  the  great  eiich 
from  this  point  to  that  of  destination  wonld  jia=a  over  Newfoundland  it  i? 
cocessHry  to  divide  the  voyage  between  two  greit  circles,  the  first  termmat- 
ing  at  Cape  Race,  and  the  second  terminating  at  Cape  Clear,  the  south  point  rf 
Ireland. 

Required  the  course  from  the  south  shoal  of  Nantucket  to  George's  fehoat,  md 
the  points  at  which  the  great  circle  from  lat  41  N  ,  long  68'',  W ,  to  Cape  Race, 
in  lat.  46=,  39'  S4",  long,  53°  04'  36",  intersecta  the  meridians  of  60°  and  55° 
W. ;  and  tbe  points  in  wliich  the  great  circle  from  Cape  Race  to  Cape  Clear,  in 
lat.  51°  22'  N.,  long.  9°  37'  W.,  mtersects  the  meridians  of  45°,  40"^,  35°,  30°, 
-U5'',  20°,  and  15°  W. 

Ana.  The  course  from  Nantucket  to  George's  is 

•  This  allows  for  variation  ol  compass. 
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Tlie  fii-at  great  circle  mloiEflcte  the  meridian  of  60<>  at  44°  W  95",  of  55"  at 
46"  5'  98"  of  N.  latitude. 

The  Becond  great  circle  interseols  the  meridian  of  45°  at  480  55'  47'"5,  of  40" 
at  49°  58'  37",  of  35°  at  50°  46'  6",  of  30°  al  51°  19'  44",  of  35°  al  S^l^  40' 
3",  of  20°  at  51"  47'  38",  and  of  15°  at  51°  49'  7".* 

The  following,  from  Mr.  Coit'a  work,  to  whish  the  student  ja  referred  for  a 
variety  of  u^ul  problems,  and  intetesting  information,  will  furnish  a  number  ol 


Table  ehowing  the  longitude  of  the  jnleraeclions  of  the  latiludea  crosEcd  by  tba 
are  of  a  great  circle  from  Cape  Henry'a  light-house,  mouth  of  Chesapealie  Bay,  to 
the  Corduan  light,  near  Bordeaui ;  also  showmg  the  courses  irom  the  points  of 
intetsecIionB  of  the  latitudes  crowed,  and  Jr 


Lo                           r~e 

„ 

rM             rd 
H             ra 
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C  Hnry 
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I  track  the  difierenoe  o: 


^ving 


1 110. 


•  The  great  circle  conrsea  and  distances  are  as  follows :  From  George's  Shoal  to 
the  meiidlan  of  60°,  57°  14'  and  407  miles.  From  60°  to  55°  N.,  63°  40'  E.,  and 
934  miles.  From  55°  to  Caps  Kaco  N.  66°  !3'  E„  and  87  miles.  From  Cape  Kaca 
to  the  meridian  of  45°.  N.  64°  19'  E.,  and  353  miles.  From  45°  to  40°,  N.  TO" 
18'  E.,  and  905  miles.  From  40°  to  350,N.  74°  6'  E„  and  197  miles.  From 
35°  to  30°,  N.  77°  57'  E.,  and  191  miles.  From  30°  to  95°,  N.  80°  50'  E.,  and 
18B  miles.  From  95°  to  90°.N.  8SO  45'  E.,  and  1B6  miles.  From  90°  to  15° 
N,  89°  42'  E.,  and  186  roiles.    From  15°  lo  Cape  Cleat  S.  86°  33',  and  SOS  railsfl. 
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For  furthor  intbrmation  on  Great  Cirtle  Sailing,  see  "  Tiie  Practice  of  Navigalion 
and  Naulioal  Astronomy,  ty  Lieut.  Raper,  of  the  Royal  Nayy,"  An.  335,  in  wliieli 
work  will  also  be  found  a  convenient  table  (tab.  5)  called  the  Spherical  Traverse 
[able,  for  solving  problem!!  in  this  kind  of  sailing. 

See  also  a  smail  eolieolion  of,  "  Tables  to  facilitate  Great  Circle  Sailing,"  by 
John  Thomas  Toweon,  published  by  order  of  the  Lords  Commissioners  of  tlja 
Admiralty. 

This  ia  H  malhod  discovered  recently  by  aeoidant,  and  oonsiBta  in  calculaUng  the 
ship's  longitude  by  chronometer  for  [wo  assumed  latitudes,  the  one  of  which  is  tha 
nex[  even  degroo  less,  the  other  [he  neat  oven  degree  greater  (without  odd  minutes) 
than  the  latitude  by  dead  rochoniiig.  The  two  pofflliona  of  tho  ship  thus  determined 
from  the  longitudes  found  and  the  assumed  latitudes,  being  projeot«d  on  a  Mercalor's 
chart,  the  line  joining  them  passes  through  the  line  position  of  the  ship,  and  any 
land  it  may  happen  to  pass  through  in  the  vicinity,  will  have  the  same  beaiing  from 
the  ship  (hat  this  line  makes  with  the  meridian. 

The  theory  is,  that  this  line  is  a  small  portion  of  what  tlie  author  terms  a  parallel 
of  equal  altitude,  that  is,  a  small  circle  of  the  terrestrial  sphere,  the  pola  of  whith 
is  the  point  of  the  earth's  surface,  at  which  the  sun  is  vertical  or  in  the  zenith  at  the 
instant  of  observation.  To  all  places  situated  on  this  circle  the  sun  will  have  tho 
same  altitude  at  tho  uistant.  Now  since  m  the  two  computations  in  the  above 
problem  the  latitude  only  is  different,  the  altitude  and  declination,  which  arc  tho 
other  data,  remaining  the  seme,  the  altitude  of  the  sun  is  therefore  the  same  at  the 
two  positions  determined,  and  they  are  in  the  same  parallel  of  equal  altitude,  and 
as  the  observed  altitude  of  the  ship  is  also  the  same,  the  ship,  too,  is  ui^on  the  same 
parallel  of  equal  altitude,  a  small  arc  of  which  may  be  regarded  as  a  straight  line. 

A  perpendicular  to  the  line  dstarmined  as  above  will  be  m  tho  direcUon  of  the 
sun's  bearing,  and  the  angle  it  makes  with  the  meridian  will  be  the  sun's  azimuth. 
For  the  perpendicular  to  an  arc  will  pass  through  the  pole  of  the  arc. 

If  two  altitudes  of  tho  sun  be  taken,  and  two  lines  projected  as  above,  passing 
each  through  tlie  place  of  the  ship,  its  actual  position  is  determined  by  their 

For  the  method  of  allowing  for  the  change  of  place  of  the  ship  between  two 
s  for  altitude,  and  for  a  variety  of  problems  based  upon  tho  principle 
Id  eiplained,  sea  Sumner's  woric 
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S  D  E  V  E  T  I  N  e 


102.  Has  for  ita  object  to  make  upon  paper  an  exact  delineation  called 
a  map,  plot,  or  draft,  aad  sometimes  to  find  the  contents  of  ground. 

The  most  common  mode  of  proceeding  is  to  measure  a  base  line  upon 
the  ground,  as  at  Art.  10,  and  take  tbe  angles  at  each  extremity  with 
some  instiument  suitable  for  the  purpose,  thus  determining  the  position  of 
a  distinct  foint.  This  is  transferred  to  paper,  by  means  of  a  scale  of 
equal  parts,  and  a  semicircular  protractor,  as  described  in  the  same  article. 
As  many  points  upon  the  ground  as  may  he  desirable  can  thna  be  trans- 
ferred to  the  map.  If  two  points  thus  determined  be  the  extremities  of 
some  straight  boundary,  as  a  wall,  fence,  or  side  of  a  building,  the  boun- 
dary itself  is  drawn  by  uniting  the  two  points  by  a  straight  line.  If  the 
boundary  bo  cmred  or  irregular,  as  the  bank  of  a  stream,  a  coast,  the 
border  of  a  wood,  &a^  the  prominent  points  should  be  determined  on  the 
map,  as  above  described,  and  the  boundary  then  traced  through  them  with 
the  hand,  by  the  eye. 

The  positions  of  points  on  a  map  may  also  be  determined  by  f«king 
their  direction  and  distance  from  some  point  used  aa  a  basis  or  base  point 
for  the  whole  survey.  Or,  when  more  convenient,  some  one  of  the  points 
determined  from  the  first  base  point  may  itself  become  a  base  point  for 
the  determination  of  others  more  in  advance,  Tlie  direction  of  one  point 
from  another  is  expressed  by  the  angle  which  the  line  of  direction  makes 
witii  some  known  line.  A  very  convenient  line  for  tiiie  purpose  is  a  meri- 
dian or  north  and  south  line,  for  the  direction  of  this  latter  may  always 
be  known  by  means  of  a  magnetic  needle,  and  the  direction  of  any  hne 
from  a  north  and  south  line  by  a  compass.  Allowance  must  of  course  be 
made  for  what  la  called  the  variation  of  the  needle,  which  is  determined 
by  astronomical  observations,  in  a  manner  to  be  hereafter  explained. 
Distances  are  measured  upon  the  ground  with  a  tape  or  chain.  Tlie 
measuring  tape  is  covered  with  wax,  to  prevent  the  efteots  of  varying 
degrees  of  moisture,  in  contracting  and  expanding  it.     It  is  divided  usually 
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into  feet  and  inchea.  The  chain  is  of  iron  wire,  euh  link  being  the 
hundredth  part  of  the  whole  chain,  which  is  4  lods  or  66  teet,  or  792 
inches,  so  that  each  link  is  7*92  inches  in  length  E^ery  ten  Imks  !S,  for 
convenience  of  counting,  marked  by  a  piece  of  biass,  with  as  rainy 
tongues  as  the  brass  piece  is  tens  of  links  from  the  extremity  of  the  oh'un 
A  line  is  me^urad  on  the  ground,  as  follows  ;  Two  peraons  take  hold, 
one  of  each  exti'emity  of  the  chain,  and  one  going  m  front,  towirds  the 
point  whose  distance  is  to  be  measured,  can-ies  in  Ina  bin  1  %  staff  ind  ten 
marking  pins,  of  iron  wire,  each  about  two  feet  m  length,  sharj  en<d  to 
stick  in  the  ground  at  the  extremity  of  the  chain  measured  off 

The  one  behind,  by  a  motion  of  the  hand  to  the  right  or  left,  indicates 
tn  the  other  whether  the  staff  which  ia  held  at  the  end  of  the  stretched 
ehain  is  on  the  alignment  of  the  distant  point  or  not.  As  soon  as  ho 
discovers  it  to  be  ro,  he  makes  a  motion  with  his  hand  downwaid,  and 
the  other  places  a  marking  pin.  Both  then  move  on,  the  one  behind 
taking  up  the  marking  pins  which  the  other  has  left  in  tie  ground. 
.  When  all  the  pins  have  been  passed  from  one  to  the  other,  ten  chiuns 
have  been  measured  off. 

For  fixing  the  position  of  points  of  ground  upon  a  map,  the  best 
instrument,  when  the  survey  is  of  moderate  extent,  is  one  which  surveyi 
and  plots  at  the  same  time,  called  the 


This  consists  of  a  rectangular  board,  mounted  upon  a 
etaoii,  called  a  tripod,  to  which  it  is  attached  by  a  ball  and  socket  move- 
ment, that  is  to  say,  there  is  a  socket  iastened  to  the  tripod  and  a  ball 
clasped  by  the  socket,  which  moves  in  it,  the  ball  heing  fastened  to  the 
underside  of  the  table.  TTiis  permits  the  table  t»  be  placed  exactly  hori- 
zontal. To  ascertain  whether  it  if  bo  or  not,  a  dutached  spirit  level  is 
placed  upon  the  table  temporarily,  and  the  table  is  levelled  by  means  of 
three  screws,  which  pass  through  a  horizontal  circle  of  wood  or  brass 
which  projects  round  the  top  of  the  tripod,  the  screws  working  against 
the  table  underneath.  These  screws  are  placed  near  the  outer  edge  of 
the  circle,  and  at  distances  of  120°  from  each  other.  If  one  of  them  be 
screwed  in  one  direction,  it  lifts  the  table  on  flat  side ;  if  in  the  opposite 
direction,  it  lets  it  down.  In  order  to  level  the  table  by  means  of  these 
screws  the  spirit  level  is  placed  over  the  hne  joining  two  of  them,  and  by 
moving  them  the  bubble  is  brought  to  the  centre ;  this  renders  one  lino 
of  the  table  horizontal.  The  spirit  level  is  then  placed  in  a  direction 
^rpendieular  to  its  former  one,  and  the  bubble  brought  to  the  centre  by 
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tolling  tlio  iimd  screw,  leaving  the  otiiers  untouched ;  two  linos  of  the  table 
ore  tlien  hoiizoiifal,  niid  consequently  the  labia  itself.*  The  spirit  level, 
which  is  a  tube  of  glass  inclosed  in  one  of  brass,  and  containing  spirits  of 
wine,  rests  on  short  feet  at  the  ends,  one  of  which  is  made  movable  by  a 
screw,  and  should  be  adjusted  by  reversing  the  level,  end  for  end,  on  the 
(able,  after  the  bubble  is  fe'st  brought  to  the  centre,  when,  if  it  departs 
frojo  the  centre,  it  must-  be  brought  back  half  by  the  foot  screw 
of  the  level  itself,  and  half  by  the  levelling  screws  of  the  table. 
This  process  is  to  be  repeated  (jll  in  both  posiiioca  of  the  level  the 
bubble  remjuns  ia  the  centre.  A  necessary  appendage  to  the  plane  table 
is  a  brass  ruler,  with  a  thin  edge,  upon  which  are  mounted  either  plain  or 
telescopic  sights,  tie  line  of  vision  being  parallel  to  the  edge  of  the  ruler. 
Plain  sights  consist  of  tivo  upright  fiat  pieces  of  brass,  one  at  each  end  of 
the  ruler,  facing  each  other  with  a  narrow  vei'tical  aperture  in  each,  to  look 
through.  Sometimes  the  aperture  is  made  wider  in  the  one  towards  the 
object,  and  a  vertical  thread  or  hair  stretched  down  the  middle  of  it, 
which  serves  for  a  sight.  Larger  onfices  ire  made  it  some  [  aits,  in  which 
to  catch  sight  of  the  otgcct,  which  is  then  brought  djwn  to  a  fine  sight  in 
the  narrow  part  of  the  aperture. 

When  the  sights  are  telescopic,  the  tplps(,opo  miy  lie  mounted  like  that 
of  a  transit  instrument  {if  the  ruler  1=  very  wi<l< )  upon  the  upright  purs 
of  brass,  by  means  of  a  small  horizontal  axis  Or  upon  a  narrow  ruler 
the  telescope  is  supported  at  the  top  of  a  single  column  of  briss,  by  a 
stout  asis  projecting  from  one  side.  At  the  locus  of  the  objeU  gla-w  uf 
the  telescope  two  lines  of  spiders  webcrosseadi  other  exactly  m  the  optical 
axis  of  the  telescope.  When  the  ruler  is  phced  upon  the  table  by  turn 
ing  the  table  ronnd  a  vertical  axis  called  the  isis  of  the  insttument;  (Le 
line  of  sights  miv  be  tumel  m  my  horizontal  direction  -\t  pleasure  The 
telescope  has  a  small  vertical  phy  also  upon  the  horizontal  at  s  for  the 
purpose  of  directing  it  to  objects  somewhat  ete^  ated  or  depiessed  To  use 
the  instrument,  ]  lice  it  o\er  one  end  of  the  bnso  line  on  the  ^ronnd,  so 
that  a  line  to  tepre&int  the  base  1  ne  driwn  upon  p^per  stretcl  od  tightly 
and  immovably  upon  the  table  roAy  be  in  the  some  direct  on  This  s 
done  by  pladng  the  edje  of  the  ruler  upon  the  line  on  the  paper  ani 
then  tnnitng  the  table  upon  tlie  lerheal  uis  of  the  instrument  until  a 
staff  placed  at  tl  e  other  end  of  the  base  line  is  seen  upon  the  hne  of 
sights.  Tiiere  IS  i  umvenipnt  imngem  nt  for  iccomjlishin^  tbw  con 
sisting  of  what  iri'  teimed  t  clamp  and  tangent  screw  or  screw  of  slow 
■  This  operat  on  has  generally  to  be  repealed,  u'  ihe  leviJlmg  of  the  seoond  1  nc 
deranges  a  liTlle  the  lave)  of  the  fitet. 
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molioTi,  an  avraugement  which  is  applied  to  almost  all  instruments.  This 
consista  of  a  screw  working  near  its  head,  in  a  collar  in  which  it  lias  no  Ion- 
gitadinal  motion,  the  thread  of  the  screw  working  in  a  piece  of  brass  which 
is  at  pleasure  loose  from  or  screwed  against  the  stand  below,  by  a  second 
screw,  called  the  elamp  screw,  the  first  being  called  the  tangent  screw.  When 
the  instniment  is  "  clamped,"  the  tangent  screw  being  turned,  pushes  the 
ade  of  the  table  to  which  its  collar  is  attached  slowly  away  from  the  part 
ef  the  tiipod  below,  thus  giving  a  slight  motion  to  the  table  on  its  verti- 
cal asis.  The  lino  of  sights  being  thus  arranged  in  the  direction  of  the 
base  line  on  the  ground,  whilst  the  edge  of  the  ruler  coinddes  with  the 
oase  lino  upon  the  paper,  keeping  now  the  edge  of  the  ruler  pa,ss!ng 
tlirough  one  extremity  of  the  latter,  whilst  the  table  is  hold  immovable 
by  the  clamp  screw,  upon  the  tripod,  turn  the  lino  of  sights  accurately 
towards  one  of  tlie  points  to  be  plotted,  and  draw  a  line  along  the  edge 
of  the  ruler  U2)on  the  paper,  marliing  it  1.  Turn  the  line  of  sights  suc- 
cessively to  all  the  points  in  view  to  be  plotted,  drawing  lines  on  the  paper 
from  the  extremity  of  the  base  line  on  the  paper,  in  the  directions  of  these 
points,  as  before,  and  numbering  them  3,  3,  and  so  on,  in  order.  Let  the 
instrument  now  be  taken  up  and  carried  to  the  other  extremity  of  the  baas 
line,  ievelied,  and  the  edge  of  the  ruler  being  placed  upon  tie  base  lino 
on  the  paper,  in  a  reversed  position,  bring  the  line  of  sights  in  the  direc- 
tion of  tiie  station  at  the  first  extremity  of  the  base,  by  turning  the  table 
on  its  vertical  axis,  using  the  clamp  and  tangent  screw,  as  before.  Pro- 
ceed in  the  manner  just  described,  to  draw  iinea  also  from  this  extremity 
of  tJie  base  on  paper,  in  the  directions  of  tie  same  objects,  by  sighting 
towards  them  in  the  same  order,  and  numbering  tJie  lines  as  before. 
Where  1  meets  1  will  be  the  position  of  the  first  object  on  the  map; 
where  2  meets  2  the  position  of  the  second  object,  and  so  on. 

The  telescope  of  the  plane  table  has  sometimes  an  arrangement  by 
which  distances  can  be  measured  without  the  use  of  the  tape  or  chdn. 
Two  sets  of  cross  wires,  as  the  spider  lines  aro  technically  called,  are  placed 
at  the  focus  of  Ene  olgect  glass,  the  points  of  intersection  of  each  pair 
being  a  small  distance  apart,  the  one  above  the  other.  If  a  staif  be 
j)laced  100  feet  from  the  telescope,  and  a  space  of  exactly  one  foot  be  seen 
intercepted  between  the  intersection  of  the  wires ;  if  then  the  staff  be 
removed  to  a  distance  of  300  feet,  two  feet  will  be  seen  intercepted  on 
the  staff,  because,  according  tanjtllwth  fth         gtnd 

at  the  focus  of  the  object  g!a>  rs  ly  aa  th    d  ta  f  th      Iject 

from  the  instrument,  so  that  th      ( ac    1  tw        ti     wi  es  at  tl     t 
where  the  image  is  formed,  bg         [dbvlfttthit  f 
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100  feet,  tlie  image  of  this  1  foot  at  the  distance  of  200  feet  will  occupy 
iHily  half  the  space,  or  it  will  take  an  image  of  two  feet  to  occupy  the 
whole  space. 

To  asceriain  the  proportions  of  the  instrument  by  experimeut,  place  a. 
staff  at  such  a  distance  tiat  1  foot  may  be  intercepted  between  the  inter- 
sections of  the  wires ;  measure  thia  distance,  and  it  will  be  the  diatanea 
to  be  multiplied  by  the  number  of  feet  and  fractions  of  a  foot  sopn  inter- 
cepted when  the  instrument  is  uspd  for  raeasuiing  distances.  The  staff 
-  used  should  be  about  two  inches  broad  by  one  in  thickness,  and  pidated 
white,  the  divisions  and  numbers  upon  it  being  black  or  deep  red,  and 
made  very  distinct. 


This  instrument  is  a  circular  box  of  brass  about  six  inches  in  diameter, 
and  half  an  inch  deep,  mounted  upon  a  tiipod  with  ball  and  socket 
motion.  The  bottom  of  the  box  on  the  interior  is  silvered,  and  tlie  citr 
cumferenco  of  this  silvered  bottom  is  graduated.  In  the  centre  of  the 
bottom  stands  up  a  pivot  upon  which  a  long  magnetic  needle  is  accurately 
balanced.  The  lop  of  the  box  is  of  glass,  in  order  that  the  whole  interior 
may  bo  seen.  Upon  the  box  above,  in  the  direction  of  a  diameter,  is  a 
line  of  sights  which  may  be  plain  or  telescopic  The  graduation  is  num- 
bered from  each  end  of  the  diamelflr,  and  runs  to  90"  each  way.* 

To  survey  a  polygonal  field  with  this  instrument  place  it  at  one  of  the 
comers  of  the  field,  and  direct  the  line  of  sights  to  the  next  corner  along 
one  of  the  straight  boundaries  of  the  field,  and  measure  with  a  chain  the 
length  of  tiis  boundary  line.  Enter  in  a  field  book,  ruled  in  three 
columns,  in  the  first  column  tlie  number  of  the  station  beginning  with 
elation  1 ;  in. the  second  column  the  Bearing  (which  would  be,  for  instance, 
N.  30°  E.,  if  the  line  of  sight  were  directed  to  the  light  of  the  north  end 
of  the  needle  marked  with  a  cross,  and  the  needle  pointed  to  30°  on  the 
graduated  cirele  ;f)  and  in  a  third  column  the  distance  measured  with  the 
tape  or  chain.  Take  the  instrument  now  to  the  comer  whose  position  has 
just  been  determined,  calling  it  station  number  2,  and  determine  the  posi- 
tion of  station  number  3,  a  third  coi'ner  of  the  field  and  the  bounding 
line  connecting  stations  2  and  3  in  the  same  manner,  and  so  proceed  quite 
oun«l  tha  field.  (Seep.  233.)  To  plot  this  assume  the  point  on  the  paper  at 

•  Sometimea  the  graduation  18  numbered  from  0°  to  360O,  the  0  and  180  diamaior 
being  the  line  of  ei^ls. 

t  If  the  gradnation  of  the  oorapass  box  be  from  0  to  360,  it  will  only  be  necessary 
to  record  the  number  lo  which  the  north  end  of  the  needle  points. 
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wliicli  you  will  Lavo  tlio  first  eornev  of  the  field,  draw  tbrougli  it  a  line  ta 
represent  a  magnetic  meridian,  or  north  and  soutli  line,  and  another  line 
making  an  angle  with  this,  equal  to  the  first  bearing,  as  30°  above,  which 
will  be  laid  off  with  tlio  semi-circular  protractor  to  the  right  of  the  meri- 
dian line  if  the  bearing  ba  east,  and  vice  versS ;  then  from  a  scale  of  equal 
paita  lay  dowa  tlio  distance  taken  from  the  third  column  of  the  field  book, 
and  this  will  determine  tie  second  station  of  the  map  ;  througli  thLs  draw 
3  north  and  south  line  parallel  to  the  first  drawn,  and  lay  off  tlie  second 
boundary  by  its  bearing  and  distance,  iii  the  same  manner,  and  so  pro- 
ceed till  the  plot  is  complete.  The  accuracy  of  the  work  will  be  tested  by 
the  last  bearing  and  distance,  reaching  exactly  to  the  first  station  from 
which  f]ie  work  commenced. 

The  same  method  may  be  pursued  with  the  plane  table,  in  an  obvious 
manner.  It  is  only  necessary,  as  the  table  is  moved  from  comer  to  comer 
of  the  field,  to  place  the  line  on  paper  which  has  just  been  determined 
parallel  to  Uie  corresponding  line  on  the  gi'ound,  by  placing  the  ruler  upon 
it,  and  sighting  back  from  the  2d  to  the  1st  station,  turning  the  table  on 
its  vertical  axis,  for  the  purpose.  The  hne  joining  the  2d  and  3d  station 
may  then  be  drawn  by  sighting  to  the  3d  station,  the  edge  of  the  ruler 
passing  tiirougli  the  2d  station  in  the  papei",  and  by  a  scale  of  equal  parts 
the  length  of  thia  line  laid  down,  and  so  on. 

The  compass  may  be  employed  to  survey  an  irregular  line,  as  a  road, 
the  border  of  a  stream,  a  wood,  a  coast,  &a,  by  taking  stations  sufflcientiy 
numerous  to  include  portions  nearly  straight  between  them. 

Thus: 


r  mode  is  to  run  a  straigbt  line  along  the  irregular  boundary, 
■e  ofsefs,  that  is,  perpendiculars  to  the  main  line,  extending  to 
the  boundary  at  points  where  there  are  remarkable  changes. 


The  perpendiculars  not  only 


;d  with  the  chain,  but  t 
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tonees  between  tbem.  To  plot  such  a  piece  of  surveying,  the  tnaia  line 
having  been  laid  down  on  paper  by  its  bearing  observed  with  the  com- 
pass, the  measured  distances  between  the  perpendiculars  are  laid  off  on 
this  line  by  a  scale  of  equal  parts,  the  petpendtculars  drawn  and  laid  off 
by  the  same  scale,  and  the  boundary  traced  by  the  hand  throiigh  their 
extremities.  An  instrument  for  taking  o^ets  is  the  surveyor's  cross,  con- 
sisting of  two  pairs  of  plain  sights,  at  right  angles  to  eaoh  other.  Plac« 
the  CTOss  on  the  principal  line,  sight  with  one  pair  to  a  distant  staff  upon 
it,  the  other  pair  will  be  directed  in  a  perpendicular  to  the  principal  line. 
Where  a  survey  is  estensive,  the  relative  positions  of  distant  points  are 
fixed  with  an  instrument  of  greater  accuracy  for  taking  angles  than  any 
wQ  have  yet  described,  by  a  process  similar  to  that  mentioned  at  p.  23fi, 
called  triangidation.  The  instniraent  used  for  this  purpose,  of  which  that 
described  at  Art.  10  is  a  rude  imitation,  is  called 

THE    THEODOLITB. 

This  consisls  of  a  horizontal  drcle  of  brass  resting  upon  a  tripod  by 
three  foot-screws  or  levelling  screws.  The  circumference  of  the  circle  is 
silvered,  and  divided  into  degrees  and  paris  of  a  degree,  numbered  from 
0  to  360,  Directly  above  a  diameter  of  this  circle  is  supported  a  small 
telescope,  to  which  is  attached  a  vertical  circle,  the  plane  of  which  is 
parallel  1o  its  optical  axis.  There  are  various  modes  of  supporting  the 
telescope.  The  best  is  by  means  of  two  upright  columns  of  brass,  stand- 
ing upn  a  horizontal  circle  concentric  with  the  horizontal  limb,  and  moving 
upon  or  within  it,  round  a  vertical  asis.*  Between  these  colunms  the  tele- 
scope is  suspended,  by  means  of  two  projections  from  the  sides  of  its  tubes, 
fesembiing  the  trunnions  of  a  cannon,  tlie  ends  of  which  rest  in  notehes 
in  the  tops  of  the  upright  columns,  called  yV  These  projeotJons  are 
called  the  supporting  axis,  and  this  passes  through, the  centre  of  the  ver- 
tical drelo,  which  is  firmly  attached  to  it  at  one  end,  and  which  revolves 
with  this  axis.  The  circumference  of  the  vertical  circle  is  also  graduated, 
and  called  the  vertical  limb,  the  numbers  on  this  limb  running  from  0  to 
90°  four  times. 

The  Indices  which  show  the  number  of  degi'ees  passed  on  tli'e  hoiizon- 
tal  limb  in  a  horizontal  direction,  or  on  the  vei'tical  limb  in  a  vertical 
oireclJon,  thus  indicating  the  angular  motion  of  the  line  of  vision,  or 
optical  axis  of  the  telescope,  are  of  peculiar  construction,  and  called 
verniers,  &om  the  name  of  their  inventor.  As  they  are  used  upon  many 
iuGtruments,  we  shall  preaentiy  describe  them  in  detail. 

■  This  mounling  is  siinilar  to  thai;  of  the  traneil  instrumone. 
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There  are  usually  tliree  of  these  upon  the  hoiinontal  limb,  and  two 
■«pon  the  vertical,  at  distances  from  each  other  of  120°  in  the  one,  and 
180°  on  the  other.  The  object  of  having  more  than  one  is  to  correet  for 
wrong  centring  of  the  circle,  or  excentricity.  Those  wliich  apply  to  the 
horizontal  limb  are  attached  to  the  concentj'ic  movable  drde  which  sup- 
porla  the  telescope,  and  move  with  it.  A  damp  screw  serves  to  fasten 
this  circle  to  the  limb,  and  a  fcmgent  screw  to  give  it  a  alow  motion  along 
the  lirab.  Those  which  belong  to  the  vertical  limb  are  attached  to  the 
supports  of  the  y',  immovably  except  for  adjustment,  the  limb  moving 
past  them  with  the  telescope  about  the  supporting  axis. 

The  line  of  sights  is  marked  by  two  wires,  one  vertical,  the  other  hori- 
zontal, eroadng  each  other  at  the  focus  of  the  object  glass  of  the  telescope. 

These  wires  are  fastened  across  a  diaphragm  smaller  in  diameter  than 
the  tube  of  the  telescope,  and  held  within  it  by  means  of  screws  passing 
through  from  the  oufside  of  the  tube  on  the  right  and  left.  By  tightening 
the  right,  and  loosening  the  left,  or  vice  vorsd,  the  diaphragm  may  be 
moved  laterally.  The  instrument  is  used  for  measuring  either  horizontal 
or  vertical  angles.  A  horizontal  angle  is  one  formed  by  two  linos  in  a 
horizontal  place;  or  it  is  the  angle  induded  between  two  vertical  planes 
which  meet.  A  vertical  angle  is  one  formed  by  two  lines  in  a  vertical 
plane.  An  angle  of  elevation  is  a  vertical  angle  formed  by  a  horizontal 
line,  with  an  oblique  line  coming  from  above  to  meet  it.  An  angle  of 
depression  is  a  vertical  angle  formed  by  a  horizontal,  with  an  oblique  line 
meetingit  from  below.  For  the  measurement  of  such  angles  it  is  evident  that 
the  axis  about  which  the  verniers  of  the  horizontal  limb  move,  which  is  called 
the  asis  of  fie  instrument,  should  be  truly  vertical,  that  the  supporting 
axis  on  which  the  vertical  limb  turns,  should  be  truly  horizontal,  and  that 
the  line  of  vision  of  the  telescope  should  be  exactly  perpendicular  fo  tho 
latter.  The  processes  of  pladng  them  so  are  called  adjustments.  The 
last  mentioned,  which  is  the  first  in  order  to  be  made,  is  called  colUmaiioit. 
This  is  accomplished  by  pladn^,  the  "  te-aecfon  of  the  wires  upon  some 
distant,  well-defined  point,  then  revers  ng  the  upporting  axis  in  the  y*,  by 
turning  it  end  for  end.  If  the  terse  t  on  of  the  wires  passes  through 
the  same  object,  as  the  telescope  s  t  med  ro  nd  the  supporting  axe,  the 
instrument  is  collimated,  and  no  a  Iju  t  ent  s  necessary.  But  if  not,  the 
intersection  of  the  wires  must  be  bro  ^1 1  h^lf  way,  by  estimation,  fowards 
the  object  by  means  of  the  screws  of  the  diaphragm,  and  the  other  half  by 
the  tangent  screw  of  the  horizontal  limb.  This  process  must  he  repeated, 
owing  to  the  difEculty  of  estimating  just  half,  til!  in  both  positions  of  the 
Bupporting  axis  the  intersection  of  the  wires  passes  through  the  same 
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distant  puiiil  '  Till,  'iccoTid  ■uliui.iaient  m  or  In,  Cv,iisist  iii  it.i.Jei  iig 
iho  supporliiiij;  txia  honzontal  Tins  is  acromplbLed  by  meana  of 
■i  spint  leiel,  Lonipowd  of  a  gliss  tube,  uot  quite  filled  witli  aleoto!, 
lenving  to  an  bLbbl.^  it  top  This  tubp  is  piitly  encjseil  m  i  briss  one, 
whict  rests  by  its  enda  upon  two  feet,  notched  at  the  bottom,  to  ataud  upon 
the  ends  of  tJie  supporting  axis,  so  that  the  tube  of  the  level  is  above,  and 
parallel  to  the  supporting  axis,  Btriding  over  the  teiescope,  and  hence  (he 
name  of  striding  level,  by  which  it  is  known.  Rrat,  to  adjust  the  axis  of 
llio  level  tube  into  parallelism  with,  the  supporting  axis,  when  the  feat  of 
the  striding  level  rest  upon  its  extremities.  Bring  the  bubble  to  (he 
centre  by  the  levelling  screws  of  the  instrument;  reverse  the  level  upon 
the  axis,  turning  it  end  for  end  ;  if  the  bubble  does  not  continue  in  th« 
centre,  make  half  the  correction  by  the  levelling  screws,  the  other,  half  by 
filing  away  the  notch  in  one  of  the  feet,  viz.,  that  neai'est  to  the  bubble,  ae 
being  the  highest.  Someljiaes  the  foot  of  the  striding  level  is  made  capa- 
ble of  being  lengthened  or  shortened,  by  means  of  a  screw,  by  turning 
which  the  adjustment  may  be  made.  The  parallelism  between  the  axis 
of  the  spirit  level  aud  the  supporting  axis  being  established,  whenever  the 
bubble  is  at  the  centre,  the  latter  of  these  axes  is  boriBontal.  To  make 
the  supporting  axis  pei'pendiciilar  to  the  vertical  axis  of  the  instrument, 
bring  the  bubble  of  the  level  to  the  centre,  by  the  levelling  screws,  turn 
the  instrument  TOiind  t!ie  vertical  axis  ]  80°  ;  if  the  bubble  now  departs 
from  the  centi'e,  make  half  the  connection  by  the  levelling  screws,  (he 
other  half  by  screws  which  elevate  or  depress  one  of  the  v". 

The  above  are  the  principal  adjustments.  To  measure  an  angle^  with  the 
instrument  thus  adjusted,  one  plane  piiasing  through  the  vertical  axis  of 
the  inatiuraent,  and  perpendicular  to  the  supporting  axes,  is  made  vertical 
by  biinging  the  bubble  to  the  centre  in  one  position  ■  then  turning  the 
instrument  lound  the  vert  cal  axis  90°,  br)ng  the  bubble  igiin  to  the 
centre  aud  the  \erfical  axis  will  be  tiuls  \e1t1c3l  because  it  is  perpendieo 
lar  to  t«o  horizontiil  line*  which  interaeit,  \iz.  the  hnes  dLtermmed  by  the 
spirit  le\el  and  conseijupntly  to  a  horizonla!  plane  The  instiumeut  n 
now  piejared  f>r  the  mensure  of  either  a  hoiizjnt-il  tr  \ertical  angle, 
baling  its  ioite\  at  the  cei  tri,  of  motion  of  tiie  11  *trument  P  >i  the 
former  turn  the  ttJescope  in  the  direction  of  one  it  the  Rides  ot  the  angle, 
and  take  the  rcid  nc,  of  the  d  glees  from  one  of  the  three  veinieis  on  the 
hori/iOntal  hml  (ninth  are  engraved  each  with  one  of  tiie  letttis  a  n  c) 
and  of  th  mm  ite-.  an  1  seconds  fiom  ill  tl  ipp  A  inpan  of  the  m  nutes 
and  seconds  is  taken  ly  idU  ng  up  the  three  readings  for  the  minutes  -»nd 
•  Fof  Ihe  tlieory  of  thie  proeeaa  Bee  Iraneit  inatrument,  p.  H9,  note. 
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seconds,  and  dividing  tlie  sum  by  three.  The  telescope  k  now  turned  ia 
tha  direc^ou  of  tits  other  side  of  the  acglo,  by  sighting  (o  a  statioc  at  its 
estremity,  and  taking  the  reading  froni  the  three  verniers  as  before.  The 
difference  between  this  reading  and  the  former  one  will  give  eitlier  the 
angle  Fequired  in  degrees,  minutes,  und  seconds,  or  eke  a  nambcr  whicli, 
subtracted  from  300°,  will  give  the  required  angle.  Aa  for  instance,  if 
tho  vernier  stood  first  at  350°,  moving  a  sbort  distance  past  360°  to  10°, 
the  angle  passed  over  would  be  only  20°,  whicb  ia  obtained  by  subtracting 
the  difference  between  350°  and  10°,  or  340°  from  360°. 

In-some  theodolites  the  horizontal  limb  itself  as  well  as  the  vernier 
circle,  has  a  motion  round  the  vertical  axis  of  the  instrument,  and  a  clamp 
and  tangent  screw.  This  is  for  the  purpose  of  introducing  the  repeating 
^roceaa  into  the  measurement  of  horizontal  angles,  which  is  conduclfid  as 
follows.  Sight  first  to  the  object  in  the  direction  of  one  of  the  sides  of 
the  angle  to  be  measured,  and  take  tlie  reading ;  loosen  the  clamp  screw 
of  the  vernier  circle,  and  turn  this  with  the  telescope  round  the  vertical  ■ 
axis. of  the  instrument  to  sight  to  the  second  object  in  the  direction  of  tlie 
other  Bide  of  the  angle,  using  the  clamp  and  tangent  screw  of  the  vernier 
(arcle  for  making  tile  sight  exact.  Loosen  now  the  damp  screw  of  llie 
Itmb^  keeping  that  of  the  vernier  circle  tight,  and  bring  the  telescope 
back  to  Uio  fii«t  object,  clamping  the  limb  there,  and  adjusting  the  sight 
by  tha  tangent  screw  of  the  limb.  Repeat  this  process  several  times,  end- 
ing with  a  movement  of  the  vernier  circle  to  bring  the  telescope  upon  tho 
seoond.object ;  take  now  tbe  reading ;  the  difference  of  the  two  readings 
divided  by  the  number  of  Umes  that,  the  vernier  circle  has  been  moved 
forward,  aay  six  times,  will  be  the  angle  required,  with  a  probable  error 
of  obae'rvation  of  i  what  it  would  have  been  without  the  repeating 
process. 

To  m  rt  ca      g  od    te 

make  its  ca  as  be  es  te 
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upon  the  po  be  m  a^ 
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I^OBlioD,  after  turning  (he  inatnimenl  ISO"  on  ils  verliKiil  axis. 
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same  results  will  be  tlie  index  error  wliicli  must  ba  applied  as  a  correction 
if  the  reading  for  an  observation  afterwards  is  talcen  only  in  one  position, 
or  with  the  face  of  tbe  limb  one  way,  eidier  to  tlie  right  or  M. 

It  will  be  proper  now  to  describe  the  vernier,  which  serves  to  read 
accuval«!y  smaller  divisions  of  the  limb  than  could  be  done  with  a  simple 
index.  The  voraier  is  a  short  arc  of  a  circle,  in  which  divisions  are  cut, 
as  in  the  limb,  but  smaller  ;  so  litde  smaller  however,  that  the  difference 
between  them  shall  be  equal  to  the  smallest  denomination  which  tho 
instrument  is  intended  to  read.  If  the  iiiBt  division  of  the  vernier,  marked 
with  a  crow-foot,  and  called  the  zero  of  f]ie  vernier,  be  made  to  cwnddi' 
>vith  a  division  of  tho  limb,  the  last  dii  i&ion  of  the  vennor  will  be  observed 
also  to  coincide  with  a  diviaon  of  the  hmh  ,  and,  on  eountins^  the  dm 
Mions,  there  will  ho  found  to  he  one  more  on  the  vernier  thin  upon  thi 
same  length  of  the  limb.  Suppose  tbe  smallest  division  of  the  hrah  ti 
be  denoted  by  i,  and  a  division  of  the  \emier  by  ic,  -ind  suppo^  that 
ti'divisions  of  the  vernier  are  equal  to  n  ol  tho  limb  then 

«'i=«,  (1) 

.=  i.  (2) 

(8) 


-^.) 


This  last  being  the  difference  between  a  division  on  the  vernier,  and  n 
division  on  the  lirab,  is  the  expression  for  the  smallest  denomination  which 
can  be  measured  with  tho  instrument. 

A  common  division  of  the  limb  of  tho  theodolite  is  into  degi-ecs  or 
half  degrees,  or  30'  spaces  ;  and  of  the  vernier  such  that  30  of  its  divi- 
sions cover  29  of  tbe  limb.  The  second  member  of  formulas  (3)  above. 
by  the  substitution  of  these  numbers,  becomes 


30' 


('-i)« 


The  smallest  angtilar  space  which  tbe  instrument  is  capable  ol 
measuring  in  this  case  is  one  minute  of  a  degree. 

The  first  dividing  lino  or  zero  of  the  vernier  coindding  with  » 
dividing  line  of  the  limb,  if  tho  vernier  be  moved  forward,  till  the  second 
dividing  Hne  of  the  vernier  coincides  with  tbe  next  line  of  the  limb,  the 
wjro  of  the  vernier  will  have  moved  past  the  dividing  line  of  the  limb,  at 
which  it  stood  a  distance  equal  to  the  difference  of  a  spate  on  the  vemiei, 
and  a  space  on  the  iimb,  or  once  the  smallest  denomination  which  the 
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iiialjument  measures.  If  tlie  veruiur  Iw  moved  still  fiivther  forward,  till 
its  third  dividing  line,  or  second  from  the  zero,  coincides  with  the  line  of 
tike  limb,  the  s&co  of  tte  vernier  wiU  have  moved  forward  again,  a 
■stance  eqaal  to  the  difference  between  a  space  on  the  vernier,  and  a 
space  on  the  limb,  or  altogether  twice  the  smallest  measure  of  the  instcu- 
.  inent.  To  fake  a  reading,  therefore,  from  a  theodolite  divided  as  above 
mentioned,  observe  the  mimber  of  degrees  and  half  degrees  pointed  out  on 
the  limb  by  the  crow-foot  or  zero  of  the  vernier,  and  if  this  line  ba  a  little 
past  one  of  the  dividing  lines  of  the  limb,  count  the  number  of  divisions 
on  the  vernier  from  the  zero  to  ii  dividing  line  which  coincides  exactly 
with  one  of  the  limb;  this  will  be  the  number  of  single  minutes  to  bo 
added  to  the  d^rees  and  half  degrees  iadicakid  by  the  crow  foot. 

The  use  of  two  verniers  180°  apart,  in  correcting  for  excentrieity, 
may  be  thus  explained  An  oKcentni,  ingle,  or  one  hivmg  its  vertet  not 
in  the  centre  ot  a  circle,  ns  meaanred  by  halt  the  sura  of  the  opposite 
ires  The  mean  of  thL  two  opposite  verniera,  therefore,  gives  the  true 
angle  moved  over  by  the  telescojie  It  the  numbei  of  iermer«  be 
increased  beyond  two  error  of  graduation  -md  of  figure  in  the  circle  are 
[rovimatelF  ehmmit'i  is  wf'll  ia  erior  of  exeentnut>,  by  tiking  tht 
mein  of  all  tbi.  vermcis 


This  is  a  process  which  consists  in  measunng  a  base,  and  taking  the 
ingles  at  its  extremities  with  the  thn  dolite,  tor  the  purpose  of  deter- 
mining the  positions  of  points,  the  aidis  nt  tin  triin/lci  Ihus  determined 
becoming  bases  for  new  tn'^nglea  * 

SOftVSY    OP    A    LABRH    ESTATE. 

A  good  instrument  for  the  purpose  is  a  compass  with  telescopic  sights, 
graduated  from  0  to  360°.  And  a  good  method  of  proceeding  is  to 
select  tjiree  stations  on  elevated  gi'ound  at  remote  parts  of  the  estate. 
Setting  out  from  one  of  them,  go  in  the  direction  of  one  of  the  others,  having 
previously  taken  the  bearing  of  the  line  joining  them  with  the  compass. 
Thia  line  may  be  kept  by  its  bearing  in  plunging  into  the  low  grounds, 
out  of  sight  of  the  principal  stations.  Distances  must  be  measured  along 
the  line  to  points  opposite  objects  on  either  side  of  it,  which  are  to  be 
introduced  upon  the  map,  and  offsets  to  these  objects  measured.  Obliq^ue 
infltoad  of  perpendicular  oflsets  will  sometimes  be  found  more  convenient, 

■  This  will  be  fully  treated  in  our  i^haptsr  on  Geodesy. 
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m  whicli  case  tlieir  bearing  must  bo  observed  witb  the  compass  '. 
their  lengths  measured.  Or  if  an  object  be  too  inaccessible  to  r 
tiie  of&et  to  it,  lis  bearing  with  the  eompaaa  may  be  taken  from  two 
points  on  the  principal  line,  wliieh  will  serve  io  fix  its  position.  The 
method  of  keeping  the  field  book  is  exhibited  on  the  next  page  but  one. 

The  record  eommenera  at  the  bottom  of  the  p^e,  and  goes  upwards, 
till  one  page  of  the  field  book  is  filled,  and  then  commences  at  the  bottom 
of  the  next,  and  so  on.*  The  bearings  and  distances  are  entered  in  the 
middle  colnmn  of  the  page,  the  offeeta  on  the  right  and  left.  Distances 
are  usually  measured  in  eliains  and  hnks,  or  decimals  of  a  chMn.  The 
objects  to  which  the  ofiaets  are  measured  may  have  their  namra  written,  or 
still  better,  may  ba  roughly  drawn.  The  poinla  iit  which  slareams,  roads, 
stone  walls,  hedges,  &c,  cross  the  principal  line,  are  indicated  in  the  field 
book  by  drawing  representations  of  these  in  the  proper  direction  on  botli 
sides  of  the  central  column,  and  where  they  cross  obliquely,  recording 
their  hearings  upon  them. 

On  reaching  the  second  station,  a  line  is  drawn  across  the  pi^,  and  a 
line  is  ran  in  a  similar  manner  from  the  second  to  the  third  station,  and 
finally  from  the  third  to  the  first. 

The  sum  of  all  the  partial  measured  distances  upon  any  one  of  these 
'iides  of  the  great  triangle  will  be  tlie  length  of  that  side,  and  the  lengths 
ot  the  three  sides  being  known,  the  triangle  may  be  plotted.  The 
oUstts  will  be  plotted  as  described  at  p.  238,  or  where  they  are  oblique,  in 
an  obvious  manner.  A  turn  to  the  right,  on  reaching  a  station,  may  be 
marked  r  at  the  side  of  the  page,  and  a  turn  to  the  left  ~l . 

The  great  triangle  with  the  ot&ets  being  completed,  otiier  points  may 
be  taken  within,  as  the  vertices  of  smaller  triangles  having  the  sides  of  the 
large  triangle  for  bases,  and,  if  necessary,  other  pointa  again  within  these, 
until  all  the  systems  of  triangles  with  the  of&ets  from  their  sides  includes 
every  object  desirable  to  be  placed  upon  the  map. 

On  p.  246  is  a  map  of  ground  witii  the  great  ti'iangle  and  offsets,  and 
i>n  p.  247  is  the  TOrresponding  field  book. 

•  This  is  ia  order  that  the  book  and  iha  ip-outnl  may  lie  in  corresponding  poaitions 
beforo  the  eye  of  the  surveyor. 
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To  survey  a  town  or  city  the  same  general  method  would  be  pursuetl. 
The  priflcipal  Jines  run  with,  the  compass  woiiW  be  tlio  main  streets,  and 
the  objects  on  either  side  would  he  brought  in  by  dther  oblique  or  per- 
pendicular olfeets.  The  points  of  creasing  of  the  minor  streets  would  be 
noted,  and  their  bearings  taken. 


The  instrument  employed  for  this  purpose  is  called  (/te  hvd,  and  con- 
sists of  a  telescope  mounted  horisontally  upon  a  tripod.  At  the  top  of 
the  tripod,  firmly  fastened  to  it,  is  a  sm*l  hoiizontal  dreuiar  plate  of 
brass,  parallel  lo  which,  and  3  few  inches  above  it,  is  another  of  the  same 
size,  the  two  being  separated  by  levelling  screws,  and  called  levelling  plates. 
From  the  centre  of  iJie  upper  levelling  plate  rises  vertically  a  spindle, 
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whicli  fitd  into  a  socket  iu  tho  middiis  of  a  lioriaootal  bar,  about  a  fojt  or 
:nore  in  laugth.  At  the  extremities  of  tJiis  bar  are  two  stout  uprights  of 
two  or  three  indies  in  length,  the  tojjs  of  which  are  formed  ■a  y",  in  winch, 
the  telescope  rests,  m  i  position  parallel  to  the  horizontal  bar  One  of 
•,liese  y"  has  a  vertical  motioL  by  means  of  a  screw  undi-rneath  it,  ivhidi 
passes  ap  tlirough  the  end  of  ibis  honzoDtal  bar  A  spiiit  levtl  is  sus- 
pended below  tile  telescope  and  parallel  to  it,  having  a  horizontal  ino^e 
ment  by  means  of  a  screw  at  one  end,  and  a  vertical  movement  bv  tlie 
same  means,  at  the  otlier. 

1.  To  coliimate  the  instrument,  bring  the  intersection  of  tiie  wires  upon 
some  well-defined  distant  point,  and  then  turn  the  telescope  on  its  optical 
axis  in  the  \-'.,  till  the  spirit  level  comes  at  top.  If  the  intersection  of  the 
spider  lines  be  not  in  the  axis  of  motion,  it  will  depart  from  the  object, 
and  will  be  as  much  on  the  ojposife  side  of  the  asis  after  this  derai  revo 
lution.  It  must,  therefore,  be  brought  back  half  vfiv  to  the  ob]ect,  by 
the  screws  which  move  the  wires  This  experiment  must  be  repeated  till 
the  iofersection  remains  on  tho  object,  during  the  re^olutlon  ot  th'  U\\, 
scope  on  ite  optical  axis. 

There  are  three  lines  of  the  instrument  which  ought  to  be  parallel  to 
each  other,  horizontal,  and  perpendicular  to  the  lertical  a\is  ibout  which 
tlie  iuatruinent  turns,  viz.,  the  lino  of  (^Ihmition,  the  axis  of  the  ''yint. 
level,  and  the  horizontal  bar 

2.  To  render  the  axis  of  the  spint  level  paialiel  to  the  line  of  collima 
tion,  bring  the  air  bubble  to  the  centre  by  tummg  the  le^clhn^  screws, 
having  previously  placed  the  !e*el  in  the  direction  of  the  line  joining  two 
of  them  ;  take  the  telescope  out  of  the  y",  and  reverse  it,  turning  it  end 
for  end ;  if  tiie  bubWe  remains  in  the  centre,  both  lines,  that  is  io  say,  the 
line  of  collimation  and  the  axis  of  the  level,  are  horizontal ;  if  not,  bring 
the  bubble  half  way  back  to  the  centre,  by  means  of  the  screws  at  the 
end  of  tiie  spirit  level,  and  the  other  half  by  the  levelhng  screws.  Reiseat 
this  process  until,  in  both  positions  of  the  telescope,  the  bubble  remains  in 
the  centre.     The  axis  of  the  spirit  level  may  also  be  oblique  to  the  lino 

,  of  collimation  in  a  lateral  direction.  To  ascerttun  whether  it  is  so  or  not, 
turn  the  telescope  on  its  optical  axis  as  it  rests  in  the  v",  till  Okt 
spirit  level  comes  out  at  one  side,  not  so  fer,  however,  as  to  cause  tho 
bubble  to  disapt>car  ;  the  lateral  obliquity  will  then  be  converted  info  a  i 
obliquity  partially  vertical,  whfth  the  departure  of  the  bubble  from  the 
centre  will  render  aensibio.  This  obliquity  must  be  corrected  by  the  screws 
st  the  other  end  of  the  spirit  level,  which  g^ve  a  lateral  motion  to  its  tube. 

3.  To  render  the  line  of  collimation  and  axis  of  the  spirit  level  now 
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parallel  to  each  other,  both  parallel  to  t 
pendieular  to  the  vertical  asia  of  tlio  instriment,  round  which  the  hori- 
zontal Eiar  tQriis,  by  means  of  the  spindle  fitting  into  the  socket  at  its 
centre  ;  bring  the  bubble  to  tlie  centre,  by  means  of  the  Isvelling  screws, 
turn  the  instrument  round  tho  vertical  axis  180°,*  and  if  the  bubble 
remains  in  the  centre,!  the  axis  of  the  spirit  level,  and  consequently  its 
jiarallel,  the  axisj  about  which  the  telescope  revolves,  are  perpendicu- 
lar to  the  vei-tical  axis  of  the  instrument,  and  the  latter,  though  not  verti- 
cal, is  in  a  vertical  plane,,  perpendicular  to  the  lino  of  coiiiraation.  To 
make  it  vertical,  which  must  he  done  every  time  an  observation  is 
made  with  the  instrument,  the  above  adjustments  being  completed,  bring 
t!ie  bubble  to  the  centre  by  means  of  the  levelling  screws,  then  turn  the 
bar  90°  on  the  vertical  axis,  and  bring  the  bubble  to  the  centre  ag«n ; 
the  Vertical  axis  will  tten  be  truly  vertical. 

In  connexion  with  this  instrument  two  rectangular  staves,  called  level- 
ling staves,  are  used,  divided  into  feet,  tenths  and  hundredths  of  a  foot. 
The  staves  are  painted  white,  and  the  diviaon  lines  ai'c  made  very 
distinct,  in  black  or  red,  the  feet  being  numbered  with  distinct  numerals . 
the  hundredths  are  painted,  the  whole  of  each  division,  alternately  white,  and 
black  or  red.  Two  or  three  lengths  of  6  feet  of  staff  fit  together  by  joints, 
so  as  to  make  a  length  of  12  or  18  faet.  A  plumb  line  suspended  at  the 
side  of  tlie  staf^  or  in  a  groove  covered,  the  lead  part  with  glass  so  as  to 
he  visible,  serves  to  place  the  stafi'  exaetiy  vertical. 

In  order  to  find  the  difference  of  level  between  two  points  of  ground 
or  the  height  of  one  above  the  other  with  these  jnstnmjcnts,  let  an 
assistant  hold  one  of  the  levelling  staves  vertically,  standing  upon  one  of 
the  points  in  question,  and  another  assistant  the  other  staff,  at  some  point 
ill  the  direction  of  the  second  point; the  observer  turns  the  telescope,  after 
the  vertical  axis  of  the  instrument  has  been  made  truly  vertical,  and  tahes 
the  reading  cut  by  the  horizontal  wire,  first  on  one  of  the  levelling  stafe, 
und  tiien  on  the  other,§  recording  them  in  separate  columns  of  a  field 

*  If  there  ia  a  borizontal  compaas  bo:  attaclied  to  the  instrument  thia  may  be 
dona  by  observing  tbe  number  of  degrees  to  wliich  the  needle  points.  If  not,  the 
iititrument  must  be  placed  oti  the  line  of  two  staves,  iind  between  them,  sighting 
first  Ifl  one,  Mid  ttiiin  to  the  other. 

f  If  not,  half  the  correction  must  be  made  by  (ho  screw  under  tJie  r,  which 
affecta  tlio  relative  direction  of  the  horizontal  bar  to  the  asis  of  the  telescope,  the 
other  half  by  the  levelling  screws,  and  the  operation  rapeated. 

%  Thia  axis,  by  the  first  adjostment,  is  idanticnt  with  tbe  line  of  collimation,  or 
line  of  vision,  when  the  intersection  of  the  wires  ia  brought  npon  an  object.  It  is 
not  the  optical  axia  of  tbe  telescope,  thongh  it  ahould  be  as  nearly  aa  possible,  bat 
the  axis  of  the  oyiindrical  parts  of  its  tube,  which  are  in  contact  with  the  Y'. 

§  Not  only  feet,  tantlis,  and  hundredtlia  may  bo  distinctly  road,  bat  even  thou- 
aandtbs,  by  estimation. 
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l>ooli,  the  one  in  the  direclion  in  which  he  is  going,  under  the  title  of 
"  forward  readings,"  the  other  under  that  of  reverse  readings.*  The  stafl 
on  the  g^ven  poir.t  of  ground  is  now  talten  up  and  carried  round  the 
otlier  (which  is  Bimply  turned  ahout  where  it  stands),  to  a  point  still 
farther  in  the  dlrectjon  of  the  second  given  point ;  the  level  is  also 
removed  to  a  point  between  the  levelling  staves,  and  the  process  just 
described  is  repeated,  and  so  on,  till  the  second  g^ven  poinl,  between  which 
and  the  first  the  difference  of  level  is  required,  is  reached,  the  last  levelling 
staff  being  placed  there,  Tlie  difference  between  the  sum  of  the  direct 
readings  and  the  sum  of  the  reverse  readings  will  be  the  difference  of 
level  of  the  two  given  pointa,  or  height  of  the  one  above  the  other. 

To  make  a  section  of  ground  which  is  the  intersection  of  a  vertical 
plane  with  the  surface  of  the  earth,  it  is  necessary  to  add  three  more 
columns  to  the  field  book,  a  column  of  differences,  a  column  of  heights, 
and  a  eolnmn  of  distances.  The  first  contains  the  difference  between  each 
direct  and  reverse  reading  ;t  the  second  contains  the  height  of  each  point 
upon  which  the  levelling  staves  are  placed  above  a  horizontal  plane, 
assumed  at  pleasure,  usually  passing  through  the  first  point  of  the  survey. 
Each  number  in  the  column  of  heights  will  be  computed  by  adding  the 
number  of  the  column  of  differences  to  the  preceding  number  in  the 
column  of  heights ;  the  fii^t  number  in  the  column  of  heights  is  the 

*  The  level  ia  always  placed  nearly  hall'  way  belween  the  two  stafls,  to  iivoid  nio 
error  which  would  be  oeoaaoned  by  the  difforonce  between  true  and  apparent  level, 
ihe  nature  of  which  may  be  oxplained  by  the  anneied  diagram.  Lei  the  circle  in 
the  diagram  be  a  vertical 
eeotion  of  the  earth  through 
the  point  A,  where  Iho  in- 
elrumeot  13  supposed  to 
stand.  The  arc  am  will 
be  Ihe  line  of  true  level,  a 
and   Ji  being  at  equal  dis- 

an  the  centre 

h         rt        ;    the  line 

app  vel,  determined 
by    he     p     al    axis  of  the 

um  For  a  point  on 

th     pp  side  of  i,  from  11,  and  at  the  same  distance,  the  difference  belwi 

app  d   true   level  will  be  the  same.     Hence  the   advantage  of  placing  1 

ru  half  way  between  the  points  whoee  difiarenoe  of  level  is  to  be  obgervei 

t  r  ould  be  entered  with  the  negative  sign,  if  the  direct  oicoed  the  reve 
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iame  as  tnat  adjoining  in  the  column  of  differences,  Tlie  numbers  in 
the  column  of  heights  will  be  negative  for  points  below  the  plane  of 
reference.  The  third  column  contdna  the  horizontal  distances  between 
points  at  which  the  levelling  staves  were  placed,  supposed  to  be  measured 
with  a  tape  or  chain.  To  plot  the  section  or  profile  of  ground  from  such  a 
field  book,  a  horizontal  line  must  be  drawn  to  represent  the  section  of  the 
profile  with  the  plane  of  reference ;  on  this  the  numbers  from  the  column 
of  distances  must  be  Idd  off  from  a  scale  of  equal  parfa,  and  at  the  points 
of  division  ordinates  or  perpendiculars  niust  be  erected  and  taken  from  the 
scale  of  equal  parts,  equal  to  the  numbers  in  the  columns  of  heights ; 
through  the  tops  of  these  ordinates  the  section  of  ground  reqnired  can  then 
be  traced  with  the  hand.  The  following  example  of  a  field  book,  and  the 
profile  constructed  fi'oin  it,  wi!t  servo  to  illustrate  this  subject. 


DK 

KE 

Dif. 

H 

Dist. 

G'895 

2-461 

4-434 

4-434 

1-35 

5>3ai 

1-468 

3-854 

8-987 

0-75 

3'812 

4-453 

13-739 

1-00 

a-iii 

7-211 

19-950 

1-50 

4-233 

24-380 

2-00 

4*331 

1-211 

3-110 

37-3!>0 

1-35 

The  mode  ot  lepresenting  thii,  i*.  bj  means  of  horizontal  si-ctions 
formed  by  phnes  at  reguUr  intervals,  one  abo^e  anothei,  these  sections 
being  all  projected  upon  one  honzontal  plane,  mz,  that  represented  bj 
the  map 

To  suricy  a  hill  for  the  purpose  of  drawing  its  honzontal  sections  upon 
t  mip,  plice  an  instiuraent  for  taking  horizontal  angles  at  the  top  of  the 
hill,  and  plant  stakes  along  lines  diverging  from  this  point  down  the  hill, 
and  take  the  horizontal  angles  formed  by  the  vertical  planes  in  which  these 
lines  lie;  then  level  along  the  lines,  taking  the  difference  of  level  and  dis- 
tance at  points  where  the  slope  clianges.  In  order  now  from  such  a  sur- 
vey to  plot  the  horizontal  sections  of  the  hill,  draw  on  the  map  from  the 
jioint  A,  corresponding  to  the  one  assumed  on  the  fop  of  the  hill  (sup- 
posed to  have  been  previously  determined  in  position  on  the  map  by  tri- 
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angulation  or  otherwise),  a  sjstem  of  lines  diverging  from  tliis  poiut  under 


1      q    H  th     1  II  in  t    render  tlie  con- 

[t      dfit    titthpl    esfmgth     hn      tal  sectious  are  taken 
10  ft     p  rt,  th    po    ts    n  wli  h  th   ]    j    t  f  the  sections  cut  the 

d      ^       I       th     d  y  be  asce  t      d  by  j    j    tion  as  follows : — 

Tl     diff  f  1      1  h  t  ee     tw     J      t     n  f  these  lines  is  to 

thl  tildtwbet  tlni,a.lOft       t    the  horizontal  dis- 

topfrmthjjptjtlhj;!  f  t  ten  feet  below  this 
I      t         Idtthd      f^gl  Oni  witl    the  upper  point 

til  Idtem  IhthpUJ      rft  which  the  projection 

f  th  t  10  feet  h  1  w  t  1  f  tl  1  mng  lines,  it  may 
bL  I  tl       gh  th  m  b     tl      1     d     I  ml      manner  another 

■ct  a  10  feet  1  a   1  to  tl     b  tt  m     f  th    hill.     Where  the 

t  ?,        th      d^es       6(«i  6  t  th     hill ;  where  the 

sections  are  re-entermg  are  the  ravines ;  and  in  general,  the  varying  forma 
of  the  sections  present  to  a  practised  eye  an  exact  notion  of  the  general 
configuration  of  the  hill.  In  topographical  maps  tiiese  sections  are 
drawn  in  pencil,  and  the  hill  shaded  with  irregular  lines,  in  India  ink,  pei^ 
peudicular  to  the  sections,  as  seen  between  c  and  d,  which  is  the  direction 
in  which  water  or  alluvion  would  flow  down  tiie  hill.  These  shading  lines 
are  best  drawn  with  a  pen  of  short  coarse  nib,  and  very  short  portions  of 
a  namher  of  them  at  a  time.  The  light  should  be  supposed  to  fall 
obliquely  in  acertmn  cUrection,  and  the  sides  of  the  ravines  towards  the 
source  of  light  will  be  darker  than  the  opposite  sides.  The  tops  of  the 
back  bones  will  be  quite  light  The  summits  of  the  hills  being  nsually 
raore  nearly  perpendicular,  will  present  deeper  shades  than  the  basea, 
which  usually  slope  gentiy  into  the  level  gi'ound. 
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Walev  is  sbacled  by  making  the  line  of  aliore  quit*  black,  wliiuli  shoulii 
be  first  drawn  all  round  tie  map,  including  tlio  islands,  then  a  second 
and  finer  line  all  round,  as  naar  the  first  as  possible  without  touching  it, 
then  a  third  a  little  more  distant^  and  so  on,  broador  and  bn/ader,  fill  thu 
shadings  from  opposite  shores  meet  midway,* 


SUBVEV  OF  nOADS,  F 

The  problem  ordinarily  is  to  ascertain  the  shortest  and  cheapest  route 
from  one  point  to  another  on  the  surface  of  tlie  eaith,  having  no  greati;r 
and  more  sudden  elevations  or  depressions  than  are  compatible  with  the 
nature  of  the  locomotion  to  be  employed  upon  it.j' 

The  ease  frequently  presented,  not  only  for  the  whole  route,  but  in 
minor  instances,  along  its  coarse,  is  that  of  a  dividing  ridge  between  two 
vallej's,  from  one  to  the  other  of  which  it  is  necessary  to  pass. 

It  becomes  necessary  then  to  ascertain  the  lowest  point  of  the  dividing 
ridge.  A  good  indication  may  be  obtained  proximately  by  a  simple  inspec- 
tion of  the  coui'se  of  the  streams  upon  a  map,  inasmuch  as  the  direction  ot 
their  flow  must  be  governed  by  the  topography  of  the  country  over  which 
they  pass.  One  or  two  examples  will  sufEdentiy  illustrate  the  principtefi 
which  3j'e  to  guide  such  an  inspection. 

If   two   streams  run 

ilong  two  vflileys,  and   , 

tributaries  pi'oceed  from   ' 

near    the     same  point  ( 

A,  of  tlie  dividing  rid 

to    empty   into   the 

lb  en    the    point    a 

a    low    point    of    the  I 

dividing  ridge.  For  the   ' 

waters  accumulating  for 

the  formation    cf    the 
sources  of  the   ti'ibutaries  at  the  point  a 
on  botii  sides  of  this  point. 

Again,  if  two  tributaries  running  at  first  nearly  parallel  to  the  prin- 
cipal streams,  turn  outward  at  a  point  a,  this  is  a  low  point.     For  the 
•  For  further  jnatraction  in  topographical  drawing  see  an  excellent  little  work  by 
8.  Eastman,  U.S.A. 

,  t  TTiia  will  of  course  be  modified  by  variona  oiroumstanceB.  such  aa  the  greater  or 
less  difficulty  of  working  the  ground,  from  tho  nature  of  tho  soil  ;  tlia  vicinity  of 
large  towns,  lo  pass  thi-ough  which  tho  construolion  would  tura  aside,  the  esislenco 
of  mines,  or  valuable  products  of  any  kind,  for  which  il  would  afford  iroiiFipoilatioii. 


f  from  higher   ground 
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tvibutiiries  at  fiist  deaccnding  into  a  lower  couiitiy  tiian  that  at  their 
sources,  encounki'  rising  ground,  which  prevents  their  progress  in  that 
direction,  and  turns  them  off  towards  their  prindpals. 

These  examples  will  suffice  to  point  out  the  nature  of  the  investigation 
to  which  an  ordinary  map  should  be  subjected.  A  good  topographical 
iiiap,  exhibiting  contour  of  ground,  would  of  course  be  a  tar  better  guide. 
Conflicting  points  of  passage  of  a  ridge  may  be  compared  by  means  of 
ail  altitude  and  azimuth  instrument  or  theodolite;  by  first  levellipg 
the  instrument,  elevating  the  telescope  till  the  line  of  sight  passes 
through  cue  of  the  points  in  q^ueation,  and  then  turning  the  instrument  in 
azimuth  till  the  line  of  sight  passes  by  the  other  point  in  question  ;  if  it 
passes  above,  the  latter  point  is  lower  than  the  former,  and  vice  versS. 

Wext,  .1  personal  reconnoissance  of  tiie  country  should  be  made,  and 
information  sought  from  the  inhabitants  as  to  the  nature  of  the  ground, 
convenience  for  obtaining  constructing  materials,  the  mineral  and  agricul- 
tural wealth  of  tiie  region,  etc,  etc  Three  or  four  routes  may  thus  be 
selected,  one  or  other  of  which  is  to  be  finally  decided  upon  by  a  rough 
suirey  of  them  all.  This  survey  is  conducted  with  the  compass  and 
chain,  and  level.  The  former  iustrumenls  furnish  a  plot  of  the  route  by 
the  method  pointed  out  at  p.  238,  and  the  latter,  a  continuous  profile  or 
lon^tudina!  section  of  the  ground  along  the  whole  route,  as  seen  at 
p.  251.  A  comparison  of  the  compass  plols  of  the  different  routes  will 
determine  which  ia  the  shortest,  in  a  horizontal  direction,  and  a  compari- 
son of  the  profiles  will  show  which  presents  most  elevation  and  depres- 
sion to  be  overcome.  The  route  being  thus  finally  selected,  it  must  be 
surveyed  with  care,  another  column  being  added  to  the  field  book,  entitled 
grade,  the  numbers  in  which  express  the  height  of  the  roadway  or  bottom 
of  the  canal  above  the  plane  of  reference  at  the  same  points  of  the  route, 
for  which  the  column  ot  heights  etpiesaes  those  of  the  nitural  giound 
Tlie  numbers  in  the  coliinn  of  giado  will  dep  nd  upon  the  clention  or 
depression  of  the  naturti  ground  ind  the  slope  which  the  construction 
permits,  that  of  i  common  roil  being  greiter  than  thit  of  a  riilrc  id, 
and  the  latter  bein^  greater  than  thit  of  a  caml  The  determination  ot 
these  numbers  will  require  in  exorcise  of  eye  and  judgment  A  pnme 
object  to  bt,  had  in  view  is  the  equalization  of  (\eiiatioa  and  embank 
ment ;  i.e,  the  grade  should  be  so  adjusted  to  the  mtural  slope  of  the 
ground  as  to  cut  oft  as  much  <  irth  is  would  be  required  to  fill  the 
depression  idioinmg,  up  to  the  level  of  the  glide  The  sur^py  bein^ 
finished,  a  double  profile  must  be  made  one  of  the  natural  ground  in  bhck 
ink,  the  other  of  the  gr  ide  m  red  upon  the  same  bise  Ime,  ind  with  the 
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Bame  absdasas  or  horizontal  distances  between  the  ordinates  or  lines  of 
heights.  An  inspection  of  this,  and  a  computation,  if  necessary,  of  areas 
between  the  black  and  red  lines  of  section,  will  serve  to  show  how  well 
the  excavation  and  embankment  have  been  equalized,  and  the  result  may 
require  a  modification  of  the  grade  to  adapt  it  better  for  the  purpose  in 
question,  to  the  natural  ground ;  cross-sections  of  the  route  niuBt  also  be 
surveyed  at  all  points  of  change  in  the  longitudinal  or  latitndioal  slope, 
and  more  frequently,  if  these  occur  at  long  intervals.  The  amount  of 
excavation  and  embankment  may  be  llien  obtwned  with  Buffident  accuracy 
for  an  estimate  of  expense,  by  computing  the  areas  of  the  cross-sections 
of  the  work  as  it  will  bo  when  completed,  and  multiplying  half  the  sum 
of  the  areas  of  two  of  them  by  the  longitudinal  distance  between  them. 
The  crops-aections,  wheii  the  work  is  in  embankment,  will  be  of  the  form 
exhibited  below,  and  the  same  turned  upside  down  when  the  work  is  in 


excavation.  These  are  easify  drawn  from  the  field  book,  llio  cross-sec- 
tion Sac  being  plotted,  a  corresponding  to  the  point  where  it  intersects  the 
longitudinal  section  of  ground,  af  will  bo  the  diffei'ence  of  the  numbers 
in  the  columns  of  height  and  grade,  df,  fc,  each  equal  to  half  the  breadth 
fixed  upon  for  the  top  of  the  road  or  bottom  of  the  canal,  dc,  eh  are  then 
drawn  at  the  proper  slopes,  for  common  earth  1^  base  to  1  in  height. 
These  sections  may  be  regarded  as  quadrilaterals,  and  each  divided  into 
two  triangles,  for  the  purpose  of  obtaining  their  area.*  Where  the  cross- 
section  of  ground  is  parallel  to  the  top  of  the  road,  or  bottom  of  the 
cniiai,  they  are  trapezoids,  and  the  area  will  then  be  ^  the  sum  of  the 

»  To  oompule  ibe  area  of  (he  cross-section  from  llie  numbers  in  ihe  field  book, 
i-onceive  parallela  to  be  drnwn  fiom  the  points  b  and  c  in  the  diagram,  to  af,  meeting 
de,  produced  both  ways ;  a  trapezoid  will  be  formed,  from  which,  if  two  right  aneled 
Iriaugles  be  deducted,  <1ie  area  of  the  secllona  will  be  obtained.  If  d  denote  the 
diflbretiCB  of  level  between  b  and/,  d  will  bo  one  paraUol  side  of  the  trapezoid,  and 
the  altitude  of  one  of  the  triangles,  the  bafo  of  which  if  the  slope  be  1  j  will  be  \  d. 
And  if  d'  denote  the  difference  of  level  between  e  and  /,  similar  espressions  will  be 
had  for  the  other  sido  and  altitude  ;  and  the  exprewions  for  the  urea  of  the  section 
wilfbe,  t  being  the  breadth  of  the  roadway, 

i  {d+  d')  [b  +  ',{d-\-  d')]  —  ld  X  i  d~\d-  X  h  d' =  i  [{d  +  d')  b  +  Md'] 
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parallel  sides  de,  cb,  multiplied  by  the  altitiidH  of.  Notes  of  the  nature  of 
tho  soii  are  kept  in  the  field  book  of  the  compass,  and  the  amount  of 
digging  find  wheeling  or  carting  tbat  can  he  done  in  a  day  in  different 
kinds  of  earth,  having  been  ascertained  by  experiment,  and  the  price  of 
day  labor  being  known,  the  data  for  dptermimng  the  expense  of  the  work 
are  all  known.  To  the  above  must  be  added  tlie  accidental  expenses  of 
cut veits,  blasting  locks,  construction  of  tunnels,  &c,  which,  are  all  sub- 
jected to  the  same  general  rules,  and  are  functions  of  the  price  of  mate- 
rials, mechanic  labor,  and  experiments  as  to  lelations  of  time  and  amount 


1.  Compiitfl  the  contents  of  ^e  figures,  whether  triangles  or  trapeziums, 
Ac.,  by  tlie  proper  rules  for  the  several  figures.  If  the  Imear  meaaur^  be 
in  links,  the  result  is  aci'cs,  after  cutting  off  five  figures  on  the  right  for 
dedmals.  Then  bring  these  decimals  to  roods  and  perclies,  by  multiply- 
ing first  by  4,  and  then  by  40, 

2.  In  small  and  separate  pieces,  it  is-  usual  fo  cast  up  their  confenla 
from  the  measures  of  the  lines  taken  in  sarvejing  them,  without  making 
a  coireet  plan  of  them. 

3.  In  piecciS  bounded  by  very  crooked  and  winding  hedges,  measured 
by  offiets,  all  the  parts  between  the  ofeets  are  most  accurately  measured 
separately  as  small  trapezoids. 

4.  But  in  larger  pieces,  and  whole  estates,  consisting  of  many  fields,  it 
is  the  common  practice  to  make  a  rough  plan  of  the  whole,  and  from  it 
compute  tiie  contents  quite  independent  of  the  measures  of  the  linos  and 
angles  that  were  taken  'fa  surveying.  For,  then,  new  lines  are  drawn  in 
the  fields  in  the  plan,  so  as  to  divide  them  into  trapeziums  and  triangles, 
the  bases  and  perpendiculars  of  which  are  measured  on  the  plan  by 
means  of  the  scale  from  which  it  was  drawn,  and  so  multiplied  togetber 
for  the  contents.  In  this  way  the  work  is  very  expeditiously  done,  and 
fiufflcientiy  correct ;  for  such  dimenaons  are  taken  as  afford  tiie  most  easy 
method  of  calculation ;  and,  among  a  number  of  parts  thus  taken  and 
applied  to  a  scale,  it  is  likely  that  some  of  the  paits  will  bs  taken  a  small 
matter  too  little,  and  others  too  gi'eat ;  so  that  they  will,  upon  the  whole, 
in  all  probability,  very  nearly  balance  one  another.  Alter  all  the  fields 
and  particular  parts  are  thus  computed  separately,  and  added  all  togetlier 
into  one  sura,  calculate  the  whole  estate  independently  of  the  fields,  by 
dividing  it  into  large  and  arbitraiy  triangles  and  trapeaums,  and  add  these 
also  ti,)geUier,     Then  if  this  sum  be  equal  to  tlie  former,  or  nearly  so,  the 
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work  is  right;  but  if  tho  sums  liave  any  considerable  difference,  it  is 
wrong,  and  they  must  be  examined  and  recomputed,  till  they  nearly 
agree. 

5.  Bat  the  chief  secret  in  computing  consists  in  finding  the  contents 
of  pieces  bounded  by  curved  or  very  irregular  lines,  or  in  reducing 
Eueli  crooked  sides  of  fields  or  boundaries  to  straight  lines,  that  shall 
inclose  the  same  or  equal  area  with  those  ci'ooliod  sides,  and  so  obtain  the 
area  of  the  curved  figure  by  moans  of  tbe  right-lined  one,  which  will  com- 
monly bo  a  ti'apeziura,  Now,  this  reducing  tie  crooked  sides  to  straight 
ones,  is  very  easily  and  accurately  performed  in  this  manner :— Apply  the 
straight  edge  of  a  thin,  clear  piece  of  lantera-hom  to  the  crooked  line 
which  is  to  be  reduced,  in  such  a  manner  that  the  small  parts  cut  off  from 
the  crooked  figure  by  it,  igay  be  eqnal  to  those  which  are  taken  in ;  whicli 
equality  of  the  parts  included  and  excluded  you  will  presently  be  able  to 
judge  of  very  nicely  by  a  little  practice ;  then  with  a  pencil  or  point  of 
a  tracer,  draw  a  line  by  the  straight  edge  of  the  horn.  Do  the  same  by 
the  other  side  of  the  field  or  figure.  So  shall  you  have  i 
figure  equal  to  the  curved  one,  the  content  of  which,  bein| 
liefore  directed,  will  be  the  content  of  the  curved  Se 

Or,  instead  of  l^e  straight  edge  of  the  hoi-n,  a  horse-hair  may  be 
applied  across  the  crooked  sides  in  the  same  manner ;  and  the  easiest  way 
of  using  tlie  liaJr  is  to  string  a  small  slender  bow  with  it,  either  of  wire, 
or  cane,  or  whalebone,  or  such  like  slender  or  elastic  matter  ;  for,  the  bow 
keeping  it  always  stretched,  it  can  be  easily  and  neatly  applied  with  one 
hand,  wliiie  the  other  is  at  liberty  to  make  two  marks  by  the  side  of  it,  to 
draw  the  straight  line  by. 


Let  it  be  required  to  find  the  contents  of  the  irregular  figure  Itelow^ 
to  a  scale  of  4  ch^ns  to  an  inch. 
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Draw  the  four  dotted  straight  lines  ab,  bc,  cd,  da,  cutting  off  equaJ 
quantities  on  both  sides  of  them,  which  they  do  as  near  as  the  eye  can 
judge;  so  is  the  crooked  figure  rednced  to  an  equivalent  right-lined  one 
of  four  sides,  ABcn.  Then  draw  the  diagonal  itn,  which,  by  applying  a 
proper  scale  to  it,  moasurea  1256.  Also  the  perpendicular,  or -nearest  dis- 
tance, from  A  to  this  diagonal  measures  4S6 ;  and  the  distanco  of  c  from 
it  is  428. 

Then,  half  the  anm  of  456  and  438,  multiplied  by  the  diagonal  1358, 
gives  555,152  square  links,  or  S  acres,  3  roods,  3  perches,  the  content  of 
the  trapeziiim,  or  of  the  irregular  crooked  piece. 


Take  the  bearings  and  lengths  of  the  sides  of  the  field,  and  enter  them 
in  a  field  book  as  course  and  distance,  and  take  out  the  difference  of 
latitude  and  departure  corresponding  to  eacli,  and  enter  them  in  two 
donble  columns,  marked  it.  s.  and  b.  w.  as  at  Art.  98.  To  obttun  these, 
if  the  bearings  are  given  in  degrees,  reeoui^e  may  be  had  to  a  table  of  dlffei'- 
once  of  latitude  and  departure  for  every  decree  and  minute  of  the  quadrant, 
such  as  is  fonnd  in  Bowditch's  Navigator,  or  instead  of  this,  the  difference 
of  latitude  and  departure  may  be  calculated  for  each  course  and  distance.* 
Another  double  column  must  be  added,  entitied  double  meridian  distances. 
The  meridian  distance  of  any  line  is  the  distance  of  its  middle  point  from 
nn  assumed  meridian,  which  sliould  be  ttken  through  some  comer  of  the 
Seld.  The  double  meridian,  distance,  <'orre'*ponding  to  the  Jirst  course 
adjoining  the  assumed  meridian,  will  be  equal  to  ihe  departure  of  that 
course.  Double  the  meridian  distance  of  any  other  course  will  be  equal 
to  the  double  merMiaa  distance  of  the  p-eceding  course,  plus  the  departure 
of  the  preceding  course,  plus  its  own  departure.^ 

In  applying  tiiis  rule,  distances  to  the  right  sLould,  be  considered  +, 
those  to  the  left  — .     The  double  meridian  distances  east  of  the  meridian 

"  The  suni  of  the  numbers  in  the  column  marked  n.  ought  to  equal  that  of  the 
numbere  iu  the  column  marked  3.  If  auehhenol  iho  case,  the  diSerenoe  between  thu 
two  suras  should  be  half  of  it  publractecl  from  the  numbers  in  tho  column  having  tho 
greater  sum,  being  dis^bnted  among  them  in  proportion  to  (heir  magnitude ;  tho 
olher  half  should  be  added  in  the  same  way  to  the  iiombcra  in  the  eolomn  producing 
the  lass  snra.  For  iu  going  round  a  iield  and  returning  to  the  same  point,  the  dis- 
tance gone  north  must  lie  equal  to  that  gone  south.  The  same  remark  applies  to 
ilia  eolnmQS  marked  e.  and  w.  Now  columns  will  then  be  derived  whioli  may  ho 
called  corrected  difT.  of  lat.  and  departure. 

t  This  ULay  lie  seen  by  making  aud  inspecting  a  diagram. 
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;-lio\ild  be  entered  in  a-  colitinii  niailtfid  c,  dcd  tliose  west  in  a  ovluuiu 
raavked  w.,  the  column  of  douUrf  meridiau.  distaii«s  being  made  double 
for  the  purpose.  By  means  of  thh  double  column  of  double  meridi.in 
distances,  and  tira  double  column  of  diffi;runces  of  latitude,  the  content  <jf 
tlie  field  may  be  computed  by  flie  following  rule. 

T!te  difference  between  the  Tiortkinijs  multiplied  by  the  eastings  pUs 
the  sotttkinffs  multiplied  by  tiie  westings,  and  Ike  mrihing.3  mtdtiplied  hij 
the  westmffS,  pl'os  the  southiwffS  multiplied  by  ihr  eaitingn,  will  In'  equal 
io  dovile  the  area  of  ike  land. 

The  proof  of  this  is  left  as  an  pvfrcise  foi-  the  studi'ut. 

In  the  following  ainmple  the  bearinga  were  talton  with  a  coaipaas  resembling  the 
niatinei's  in  principle.  A  metallic  gtadaated  circle,  one  diameter  of  which,  that  joining 
llie  zero  and  180°  points,  being  an  attaohcd  needle,  llie  graduated  oiiole  was  held  ala- 
sionary  in  epace  by  the  magnetic  force  of  the  earth.  The  numbering  was  from  zero  la 
360  in  llie  dJroetion  shown  in  the  annexed  diagram.  Tlio  compasa  siglita  were  plaii;, 
and  (he  numhar  on  the  line  of  aighta  towards  the  aitremity  nest  the  ej'e  was  the  one 
read  and  recorded  in  the  1st  column  p.  201,  Tlia  equiva- 
lents of  these  readings  in  bearings  of  the  compaai  oouracj 
or  sides  of  the  field  from  the  meridian,  are  reoorded  in  the 
2d  column.  These  are  ascertained  by  conaidering  in  what 
part  of  the  cucumference  in  the  diagram  above  tlie  No. 
in  the  1st  column  would  fall ;  tJie  course  would  be  in  the 
direction  from  this  point  to  tlie  centre  of  the  circle. 

The  tbiid  column  contains  the  lengths  of  the  courses  or  sidea  of  the  field,  measuied 
with  a  chain.  Then  follow  the  columns  of  diflerence  of  latitude  and  departure,*  andlho 
columns  of  corrected  diffi  of  lal.  and  departare.  The  aaaunicd  meridian  from  which 
to  celimate  the  double  meridian  distances  ia  taken  throna;h  ^e  point  at  iriiioh  iho 
BBTvey  eommeneed.t  The  double  meridian  distance  of  the  first  cource  tlicnj 
according  to  the  rule,  will  be  equal  to  its  departure  234*1,  and  is  w.  because  liio 
departure  is  w.  Donbto  Che  meridian  distance  of  the  second  course  is  equal  to  dial 
of  the  preceding  course  234'1  +  the  departure  of  the  preceding  coiirae  334'1  -|-  ila 
own  departure  50*3.  (See  mle.)  Ail  these  numbers  being  w.,  llieir  sum  in  liio 
arithmeUeal  sense,  518*5,  ia  taken  as  the  double  meridian  distance  uf  the  Sd  onuife. 
For  the  next  course  the  departure  17*S  is  E.,  and  on  the  general  analytic  principle 
(hat  (juantities  estimated  in  a  contrary  aenae  must  have  contrary  fagus,  this  may  hi 

»  The  sum  of  the  column  s.  a64'5  exoeedsthat  of  the  column  a.  2B3*0  by  ]-,'i ; 
half  this,  or  -S  is  subtracted  from  the  numbers  of  the  first  column  n.,  -S  from  the  1st 
No.  in  the  colnmn,  and  •!  from  each  of  the  other  two,  to  obtain  ihe  Nob,  in  the  2d 
column  K.,  and  *7,  in  the  same  manner,  is  added  by  distribution  among  the  five  num. 
bei-a  of  the  Ist  column  s.,  to  produce  those  of  tlie  2d  column"  s.,  Slc. 

t  It  would  be  most  sunple  to  assume  it  throagh  llio  westerntiiost  point  of  the  land, 
in  the  preaent  example  at  the  commencement  of  the  3d  eoHr?e,  where  the  reading 
was  163*'.  Here  the  courses,  which  were  previously  all  w.,  begin  to  turn  e.  Th« 
idvantage  of  ibis  is  tlint  the  double  meiidian  distaiieo^i  would  be  all  E. 
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coiiaidored  positive,  if  we  regard  die  previous  numbers  oniployetl  la  eompuling  tf(9 
double  meridian  distances,  whioli  are  all  w.  as  negative.  To  add  thia  17'6  then,  in 
tlie  algebraie  sense,  to  tlie  sum  of  518*5,  and  50*3,  according  to  the  rule,  will  be  in 
reality  to  subtract  it,  whiod  gives  551 -S  for  tlie  3d  d.  a.  o.  For  a  similar  leason  tlie 
Miia  of  17*6  and  73'3  being  bolli  k.,  must  be  snbttacted  from  551 'S,  which  is  w.,  to 
produce  the  4th  □.  m.  d.  ;  and  so  oa  till  we  arrive  at  the  7lli  oonrao,  marked  SOo,  in  tho 
1st  column.  Here  Iho  auni  of  tbo  two  dBparwrca,  96-7  and  59'3,  both  s,,  viz.,  155-a 
piiteeds  the  last  n.  m.  d.,  135'9,  which  is  still  w,,  and  as  ihey  have  contrary  agns, 
iliuir  algebraic  snnj  will  be  their  difference  with  the  sign  of  the  greater,  which  is  E., 
and  this  difTerence  20-0  must  be  entered  in  the ,  column  e.  of  double  meridian  dis- 
tances. The  D.  M.  D.  of  the  last  course  is  obtained  by  adding  59-9  and  30-0  both 
E.,  and  subtracting  40'1,  which  is  w.,  from  their  smn.  The  double  meridian  dis- 
tances E.,  which  have  corresponding  difierence  of  latitude,  k.,  arc  now  maltiplied  by 
tham  »4cotding  to  the  rule  ;  and  the  double  meridian  dislauoea  w.,  which  have  oor- 
responciing  differences  of  latitude  s.,  and  the  products  all  entered  in  a  column 
entitled  H.  x  e,  -f-  s,  x  w.,  and  tlioir  sura  laien.  Of  the  s.  X  w.  +  s.  X  e.,  wliicli 
tlie  remaining  part  of  tlie  rule  requires  to  ba  formed,  there  is  but  one  product  in  this 
example  an  MX  w.  196*a  by  934'1,  or  45930-43,  for  which  an  additional  column, 
which  would  ordinarily  bo  employed,  is  not  worth  while.  This  product  is  subtraeleU 
from  die  soni  of  tho  former,  and  the  remainder,'  68103-90,  h  by  the  rule  equal  ti> 
itonble  the  area  of  tho  land  in  aqnare  links,  10,000*  of  which  make  a  square  chain. 
Half  this  will  be  die  area,  which  is  convei-ted  into  square  chaine  by  removuig  the 
dechnal  poiiil  4  places  to  the  loft  ;  and  this  again  into  acres,  by  removing  the  deci- 
mal point  ono  place  further  to  the  ieft  still,  since  there  ai-a  10  sq,  chains  in  an  acre. 
The  decimals  of  an  acre  are  converted  into  roods  and  perches  by  multiplying  by  i 
and  by  40. 

The  plotting  of  the  above  example  will  be  an  exercise.  A  circle  shoold  be 
described  on  the  paper,  and  pomts  marked  on  it,  according  to  the  compats  readings 
in  (he  lirat  column,  the  k.  and  s.  Une  corresponding  to  the  0"  and  180°  points,  as  hi 
the  last  diagram.  Lines  drawn  from  the  points  thus  marked  to  the  centre  of  the 
circle  will  ba  parallel  to  the  boundary  lines  of  the  autvcy.  For  further  directions 
Bee  p.  937  at  bottom. 

"  "Which  is  the  square  of  100,  the  No.  ol  linlis  in  a  chaio. 
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Ill  the  mirvey  of  liarbors,  after  havinw  surveyed  and  [ilotted  tlie  outline  of 
llie  shore,  it  bacomes  neceaaaiy  to  set  down  upon  the  map  tlie  depths  of 
the  water  in  feet  or  fathoms  at  a  sutScient  number  of  points  to  serve  m  a 
guide  to  navigators,  llie  depth  is  ascertained  by  sounding,  and  the 
problem  is  to  fis  upon  the  map  the  points  at  which  the  soundings  were 
made.  One  method  consists  in  rowing  a  boat  uniformly  in  a  straight  line 
from  one  point  on  the  shore  to  another  opposite  casting  the  lead  it  regu 
kf  intervals  by  a  watch ;  this  line  being  drawn  on  the  map  and  divided 
into  as  many  equal  parts  as  there  were  cists  the  points  of  division  mil 
be  the  points  required;  upon  these  t!ie  numbers  obtained  by  lie  sound 
ings  are  to  be  put  down.  Another  method  is  to  place  three  signals  upon 
the  shore,  not  in  the  same  straight  line  and  with  a  sextant*  in  the  boit 
to  measure  the  angles  subtended  by  the  lines  joining  these  signals  thtn 
having  tiese  lines  plotted  upon  the  map,  construct  upon  Lich  of  them  i 
segment  capable  of  containing  the  observed  angle  •.uhtended  by  it  (s  ( 
Plane  Geom.,  Prob.  21),  and  the  intersection  of  the  aii^ot  the^e&egm  nf! 
^  will  detei  mine  the  prants  on  tlie  niaj 

iit  «hich  the  Voat  was  situated  it  the 
till  of  observ<ition  The  sound  ng 
of  LO  ir«e  should  be  taken  it  the 
same  point,  and  recorded  at  its  position 
(6)  thus  determined  on  the  map. 

A  tliird  method  consists  in  having 
two  theodohtea,  and  taking  the  angles 
with  them  from  the  extremities  of  a 
ba,se  line  on  the  shore,  by  which  means  the  position  of  the  boat  is  deter- 
mined. In  this  method  a  system  of  signals  is  requisite,  by  which  the 
observers  on  shore  may  know  the  instant  at  which  the  sounding  is  made. 
A  very  perfect  one  w^  invented  by  Mr.  Thomas  H.  Nobbis,  of  New 
York,  and  practised  in  the  survey  of  the  mouths  of  the  Mississippi.  This 
consisted  in  having  at  one  of  the  two  stations  on  the  shore  (which  in  the 
low  lands  of  the  Mississippi  were  elevated  platforms  of  wood)  a  flag  which 
could  bo  run  up  and  a  chronometer.  Tlie  boat  also  carried  a  chronome- 
ter. The  intervals  of  time  at  which  the  soundings  should  be  made  having 
been  preriously  agreed  upon,  about  10  seconds  before  one  of  these 
intervals  expired,  the  flag  was  run  up,  and  both  theodolites  brought  to 
bear  upon  the  boat,  or  rather  upon  a  staff  at  its  bow,  from  which  the 

»  See  the  instrument  of  this  name  described  at  p.  390,  note. 
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sounding  was  made.  The  tangent  screws  served  to  keep  the  instruniente 
steadily  upon  this  point,  and  flie  instant  the  10  seconds  were  up,  the 
flag  was  lowered,  the  lead  waa  cast,  and  the  readings  taken  from  the  hori- 
zontal limbs  of  the  instruments  and  recorded.  This  mode  was  found  to 
be  very  rapid  and  accurate.  By  way  of  experiment  the  boat  was  fre- 
quently made  to  cross  ils  track,  and  the  agreement  was  exact.  By  vowing 
the  boat  along  at  oar's  length  from  the  shore,  and  determining  its  position 
at  frequent  inteiTals,  as  above  described,  the  line  of  shore  could  be  traced 
upon  the  map.  This  was  found  paftieularly  convenient  in  the  survey  of 
the  bayous  or  inlets  of  the  low  muddy  banks. 
Horizontal  sections  of  the  bottom  of  a  harbor  may  be  determined, 
I  making  the  plane  of  the  water  a  plane  of  reference,  in  an  obvious 
manner,  and  the  bottom  represented  in  the  siane  manner  as  a  hill.  This, 
however,  is  not  often  practised. 

Points  at  great  distsDces  nut  at 
three  vessels  successively  ntaoreii  a) 
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PART    T. 


'    SPHERICAL    TBIGONOMBTaY   TO 


NAUTICAL    ASIBOSOMY. 


103.  Navigation,  as  we  have  seen,  is  the  defermlnafJon  of  the  place 
of  a  sliip  at  sea,  that  is  to  say  her  latitude  and  longitude,  by  the  "  dead 
reckoning," 

The  dead  reckoning  proceeds  upon  the  hypothesis  that  the  ship's  course 
and  the  distance  she  sails  are  accurately  known ;  and  if  this  were  really 
the  case,  her  true  place  might  be  found  by  the  methods  given  in  Part  III. 
But  this  is  imposaible.  J.  From  the  difficulty  of  steering  exactly  upon 
the  intended  course.  2.  From  the  uncertainly  of  lee-way,  3,  From 
errors  of  the  log,  occasioned  by  the  hearing  of  the  sea,  unknown  cur- 
tents,  and  the  rudeness  of  the  instrument  itself. 

The  "  dead  reckoning"  is,  however,  indispensable  in  determining  tlie 
ship's  place  duiing  cloudy  weather,  and  is  usefiil  at  all  times  for  detecting 
the  existence  and  veloraty  of  currents. 

The  main  reliance  must  be  upon  astronomical  observations,  and  tlio 
method  of  determining  a  siiip's  place  by  means  of  these  constitutes  the 
science  of  nautical  astronomy. 


104.  For  the  purpose  of  measuring  tie  angular  distances  of  the 
heavenly  bodies  from  each  other,  and  from  the  horizon,  it  is  convenient  to 
suppose  them  all  situated  as  they  really  appear  to  aa  observer  on  the 
earth,  viz.,  in  a  spherical  concave  surrounding  the  earth,  and  concentric 
with  it.  This  imaginary  concave,  which  the  student  may  suppose  identi- 
cal witJi  the  blue  vault  of  tlie  sky,  is  called  the  celestial  sphere. 

The  position  of  a  point  on  the  celestial  sphere,  like  the  position  of  a 
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point  on  the  teirestrial  sphere,  is  fixed  by  its  latitude  and  longitui^e.  On 
lie  celestial  sphere  the  di'cle  of  longitude  is  the  ecliptic  ;  and  secondaries 
passing,  therefore,  through  the  poles  of  the  ecliptic,  are  the  circles  of 
celestial  latitude;  the  point  from  which  longitude  is  lueaaured  is  (lie  ver- 
nal equinoctial  point.  Commencing  at  this  point,  the  ecliptic  is  divided 
info  twelve  parts  called  signs ;  a  agn  is,  therefore,  80°.  .  The  twelve  signs 
are  named,  and  symbolically  expressed,  as  follows  : 


1.  T  Aries. 

2.  ^  Taurus. 

3.  n  Gemini. 


4,  ^  Cancer. 
6,  HI!  Vii^. 


10.  w  Capricornus. 

11.  ~  Aquarius. 


'  Sagittarius. 

The  vernal  equinoctial  point  is  called  the  first  point  of  Aries.  The 
longitude  is  measured  from  this  point  in  one  direclion,  viz.,  in  the  order 
of  the  signs,  or  from  w.  to  e. 

Parallels  of  latitude  on  the  terrestrial  sphere  correspond  to  parallels  of 
declination  on  the  celestial,  Of  these,  the  two  which  touch  the  ecliptic  in 
the  first  points  of  Cancer  and  Capricorn,  are  called  the  tropics  of  Cancer 
and  of  Capricorn.  These  first  points  of  Cancer  and  Capricorn*  are 
wspeclively  called  the  summer  and  winfor  solstke  ;  because  for  a  day  or 
two  before  and  after  the  sun  enters  them  he  appears  to  be  stationary,  and 
the  days  to  be  of  equal  length,  so  slowly  does  his  declination  at  those 
times  change,  for  bis  motion  is  obviously  very  nearly  parallel  to  the  equator. 
The  declination  circle,  through  the  solstitial  points,  is  called  the  solstilial 
eolure,  and  that  through  the  equinoctial  points  the  equiiwctUii  eoliire. 

Secondaries  to  the  equator,  we  have  said  (Art  70),  are  called  dechmt- 
tion  or  hour  circles. 

The  declination  of  a  heavenly  body  is  its  distance  from  the  equator  in 
d^rees,  minutes,  and  seconds,  measured  on  the  declination  or  hour  circle 
which  passes  through  the  body. 

The  right  ascension  of  a  heavenly  body  is  the  number  of  degrees  and 
fi-actions  of  a  degree  measured  on  the  equator,  between  the  vernal  equino\ 
or  first  of  Aries,  and  the  circle  of  declination  which  passes  through  the 
body.  Another  definition  of  right  ascension  is  the  angle  at  the  pole  of  the 
equator  or  of  the  earth,  comprehended  between  the  hour  or  declination  circle 
through  the  vernal  equinox,  and  the  hour  drcle  through  the  heavenly  body. 

Sight  ascension  is  now  commonly  expressed  in  hours,  minutes,  and 

*  At  the  iirst  of  these  points  tho  eun,  which  up  to  the  time  of  ita  airival  there  hud 
been  moving  norlli,  hogina  to  move  backwards  towards  the  south  ;  at  the  second 
from  going  noalix  he  begins  to  climb  upwards  towards  tho  north,  whence  it  appei^rs 
that  the  points  in  question  ate  named  in  alluaion  to  tlie  habia  of  the  animals  afie- 
wMcIi  tboy  arc  called. 
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seconds  of  t^Kio,  allowitig  lij°  to  the  hour,  15'  to  tha  minute,  antl  15"  to 
the  second  of  time. 

The  light  ascension  is  also  the  difference  in  the  time  of  transit  of  tie 
heaveuly  body  and  of  the  first  point  of  Aries  over  the  meridian  of  any  place. 

The  diiference  of  right  ascension  of  two  stars  is  the  difference  in 
their  times  of  meridian  transit  at  the  same  place.  Or  it  is  the  angle 
comprehended  between  the  two  hour  circles  which  pass  titough  tie  staj'S. 

A  eatnlogue  of  stars  is  a  Ibt  of  them  with  the  right  ascension  and 
the  declination  of  each  annexed.* 

Having  described  the  principal  circle  and  points  of  tlie  celesEial  sphere 
■which  are  considered  as  permanent,  or  which  do  not  alter  with  lie  situa 
tion  of  the  observer  on  the  earth,  we  come  now  (o  describe  those  wliich 
change  with  his  place.  The  prindpd  of  these  is  the  horkon,  which  has 
been  defined  aheady  (Art.  70),  and  vertkai  drclea,  which  sck  Eceoiidai-ies 
to  the  horiKon,  andonwMeh  the  altitudes  of  celestial  objects  are  laensured. 

These  vertical  circles  ail  meet  in  two  points  diametrically  opposite,  viz., 
the  poles  of  the  horizon ;  one  of  which  b  directly  over  the  head  of  the 
observer,  and  called  his  zenith,  and  the  opposite  one  his  nadir.    Tlie  vor- 

*  The  late  oataloguo  of  the  Btilish  Associalion,  the  name  of  wliich  is  abbrerisinfl 
B.  A.  C,  gives  Iho  north  polar  dielanees  (w.  p.  n.)  of  ihe  stars  instead  of  ibeir  deeli- 
ii&Iions.  Tha  north  polar  dislance  of  a  star  is  iis  distnnca  ftom  the  nnrth  pole  of 
ihe  heavens,  meaaufed  on  the  circle  of  declination  paaaing  through  the  star.  The 
right  ascension  of  Ihe  star  iixes  the  position  of  this  circle  in  the  heavens,  and  the 
north  polar  distance  dxea  the  place  of  the  star  upon  the  circle,  bo  that  its  posidou  ia 
complEtalj'  dctemnned  by  these  two  co-ordinatea.  In  the  British  Catalogue  is  a 
column  containing  (he  annual  varintion  in  r.  a.,  and  four  columns  marked  a,  b,  c,  d, 
at  top  i  also  a  column  containing  the  annual  variation  in  N.  F,  d.,  and  four  columns 
matfced  a',  t',  s',  d'.  The  numbers  whose  logarithms  are  in  these  columns  may 
bfl  regarded  as  eon^ant  for  a  period  of  about  ten  years.  In  the  Nautical  Almanac, 
on  p.  XXII.  of  each  month,  will  he  found  fonV  columns  marked  a,  b,  o,  n,  at  lop, 
conlainini;  the  logs,  of  numbers,  which  vary  with  the  lime,  or  are  ephemeral. 

To  find  the  r.  a.  of  a.  atar  for  any  given  time,  take  out  its  b.  a.  for  the  epoch  of 
the  catalogue,  vii.,  1850,  to  which  add  the' product  of  the  annual  variation  in  k.  a., 
by  !iie  number  of  years  between  the  given  time  and  1850.  Tiie  reaull  will  bo  the  moan 
E.  A.  si  tha  bt^inning  of  the  gi?ea  year.  Take  out  from  the  columna  a,  6,  c,  d,  the 
logs.  Oiipoaite  tha  given  star,  and  from  the  Nautical  Almanac,  from  th^  columns  *, 
B,  0,  C,  the  logs,  iiorresponding  to  the  given  date,  for  which  the  apparant  E.  A.  is 
loqaired,  and  with  these  logs,  compute  tha  following  formula : 

(ia  =  An  +  Bl  +  cc  +  nd 

da  being  the  correction  to  be  applied  to  ihe  result  before  found,  to   obtain  the  B.  A. 

leqaired.     This  will  be  the  time  at  which  a  star  ought  to  make  its  meridian  transit  by 

lite  aderial  clock.    The  formula  for  the  correction  in  declination  is 

!;i  =  AB'-i-Bi'-f  cc'+nd' 
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tieal  circle  which  passes  through  the  east  auj  west  poinls  of  the  horizon 
13  called  the  jmnie  vertical;  it  necessarily  interseds  Uie  meridian  of  the 
place  (wMch  passes  through  the  north  and  south  points)  at  right  angles. 

The  azimuth  of  a  celestial  object  has  been  already  defined  to  h&  an  arc 
of  the  honMn,  comprised  between  the  meridian  of  the  observei-  and  the 
vertical  circle  through  the  object,  and  hence  vertical  circles  ai'e  scnietiiof.^ 
called  asiiE'jth  drcles. 

'ih.z  aiiiplitude  of  a  celestial  object  ia  the  arc  of  the  horizon  comprised 
between  the  east  point  aiid  Ite  point  where  the  object  rises,  or  between 
the  west  point  and  that  where  it  sets  ;  the  one  is  called  the  rising  ampli- 
tude, tlie  other  the  setting  amplitude. 


105.  The  ivw  altitude  of  a  celestial  object  ia  always  understood  to 
mean  its  angular  distance  from  tlie  rational  horizon  of  the  observer. 
This  ia  not  obtained  directly  by  observation ;  but  is  the  result  of  certain 
corrections  applied  to  the  observed  altitude.*  Tliese  we  shall  now  enuras- 
rafe  and  explain. 


*  The  obEerved  allJtude  is  oblained  by  means  ol 
of  refieclion,  or  dmplj'  a  quadrant.  This  iQalrumenl  is  a  fiame  of  wood  iu  iho  form 
of  a  seelor  of  a  oiroJe,  the  arc  of  which  is  gradnated  to  degrees  and  parts  of  a 
degree.  This  frojne  is  suspended  ho  that  the  plane  of  the  circle  shall  be  vertical.  It 
has  an  arm,  one  extremity  of  which  is  attached  to  the  centra  of  the  circle,  and 
which  ia  movable  about  (his  point ;  npon  this  arm  is  a  small  mirror,  and  opposite  to 
it  is  a  plane  glaaa,  half  of  which  is  mirror,  and  half  transparent.  When  a  heavenly 
bod/,  BBBD  by  double  reflection  in  these  two  mirtora,  is  brought  by  the  moYcraep;  of 
the  arm,  upon  which  one  of  the  mirrore  ia  placed,  to  coincide  wjlli  tha  line  of  the 
horizon  at  sea  as  seen  through  the  transparent  part  of  the  opposite  glass,  iho  outtr 
extremity  of  the  arm  points  out  cpon  the  graduated  are  the  numbor  of  d:grpi>g  nf 
altitude  cf  the  heavenly  body  above  tho  horizon. 

The  construction  of  this  instrument  depends  upon  the  optical  principle  tlint  ili.! 
angle  of  incidence  is  equal  to  tha  angle  of  reflection.  Tlie  angular  movement  of 
the  image  of  the  heavenly  body  is  double  the  angukr  movement  of  tho  arm,  so  thtil 
to  measure  the  greatest  altitudes,  tho  ihnit  of  which  is  90^,  the  graduated  arc  iio^.i 
be  but  the  eighth  of  a  ciroumferenoa  ;  the  degrees  npon  it  are  however  numbered  a^  \i 
it  were  a  quadrant,  to  save  the  trouble  of  doubling  them.  The  inEtrument  tates  its 
name  from  the  amount  which  il  measuiea,  instead  of  from  the  magnitude  of  its  arc. 
There  are  colored  glasses  attached,  wMch  can  bo  interposed  so  that  the  rays  of  light, 
coming  from  the  heavenly  body  to  the  eye,  can  bo  made  to  pass  through  tbera  when 
taking  the  altitude  cf  the  sun. 

More  corr.pleto  iiiBilrunienis  of  this  natura  are  the  sextant  and  rapeating  circle,  or 
circle  of  reflection,  for  full  descriptions  of  which  sec  p.  SBO,  and  p.  299. 
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lOS.  Let  E  represent  the 
place  of  the  observer's  eye,  ele- 
vated to  tlie  height  ea  ahove 
the  surfece  of  the  earth,  and  s 
the  place  of  a  heavenly  body  ; 
the  firet  object  is  to  obtain  its 
apparent  altitude  above  tho 
horizontal  line  eh  ;  that  i%  the 
fingle  fiEii.  Now,  since  to  the 
observer,  the  visible  horizon  is 
in  the  direction,  bbh',  tlie  alti- 
tude taken  with  the  inatrumei)! 
is  tlie  angle  bbh'  ;  hence  from 

this  observed  altitude  the  angle  hbo'^  called  the  2^!}!  o;'  Dqtresskn 
the  Horizon,  must  be  subtracted  to  obttun  the  apparent  altitude  seh. 
ir  its  equal  o,  ia  calculated  for  v 


,  by  resolving  the  right  angled 
i  radius  of  tho  earth,  and  eo 
it  oi  the  eye.  The  results  are 
■gument  of  which  is  the  height 


1 1  tlie  ej    above  the  surface  of  the  s 
tnangle  1.130,  in  which  are  known   cb,   th 
equ'd  to  the  radius  increased  by  the  heig! 
roistered  in  a  table  (Table  XXXL),  the  3 
of  the  eye 

The  deptT33sion  thus  obtained  must  be  lessened  by  the  amount  of  ter- 
restrial refi'sction,  which  is  very  uncertiun ;  ,-,  of  the  whole  quantity  has 
■  been  allowed  in  computing  this  table. 


107.  The  foregoing  correction  for  dip  having  been  applied,  the  result  will 
be  the  apparent  altitude  of  the  object  observed,  ahove  the  sensible  hoiizou. 
If  tliis  be  the  upper  or  lower  edge  of  the  disc  of  the  sun  or  moon,  called  the 
upper  and  lower  limb,  a  further  correction  will  be  necessary  to  obtain  the 
apparent  altitude  of  the  centre.  The  angle  at  the  eye  of  the  observer) 
subtended  bv  the  semidiameter  or  radius  of  the  sun  or  moon,  must  he 
added  to  the  altitude  of  the  Jowec  limb,  and  subtracted  from  that  of  the 
rpper  limb.  This  quantity,  whieli  i»  continually  varying  both  for  the  sun 
und  moon,  in  conseqnence  of  the  variation  of  their  distance  from  the 
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earth,  is  given  in  tho  Nautical  iluiiaic  fjr  e\ery  dn  m  tlia  jcar*'  But 
in  the  ease  of  the  moon  the  semiiinini,ter  itself  requires  a  smil  cor 
rcctjon  depending  upon  the  observed  altitude  Foe  tie  spmidiameter 
famished  by  the  Nautical  Almanic  is  the  appiient  liari^mitil  semidiame 
ter,  i.  e.  the  apparent  semidiameter  when  the  moon  i&  in  the  honzcn 
where  the  distance  from  the  ol>ser\er  is  greatei  than  ■when  she  is  in  the 
zenith  by  the  semidiameter  of  flie  eirth  Consequently  her  apparent 
semidiameter,  which  is  inversely  as  her  dista,nce,  will  be  leist  m  the  hon 
KOii,  and  greatest  in  thc.^eiJii,  and  its  ^aluo  bt,twei,n  these  linnfs  iviU 
vaiy  witli  tie  sine  of  Lho  altitude,  Ra  may  be  eisily  seen  b>  constiuct  ng  i 

The  distance  of  thj  mcwn  being  about  60  semidianieters  of  the  earth, 
the  rccon'H  horizontal  seraidiamet<*  will  be  increased  about  ^V  P**''-  ™  tho 
zenith.  Therefore,  '£  to  the  logarithm  of  the  sine  of  jL  of  the  d"s  hori- 
zontal aomidiameter  <a  lie  log.  of  the  aii;  itself,  which  is  small,  we  add 

*  It  Jh  given  for  noon  of  ench  day  for  the  eun,  and  for  noon  and  midnight  for  iha 
moon,  and  is  foHnd  for  any  other  lime  of  day  by  tha  proportion  :  As  94  or  19 
hours  ;  the  varintion  in  34  or  13  houta  :  :  llie  time  after  noon  or  midnight,  at  Green- 
wich :  the  vaii.ition  in  that  time,  which  must  be  added  to  tSie  semidiameter  given  in 
the  Almanac  or  aubtraolcd,  according  as  the  soraidiameter  is  increasing  or  dimim-h 
iiig  from  day  to  day,  in  order  to  have  the  aemidiametar  at  the  regnirod  time 

Proportions  of  this  land,  in  which  the  terms  contain  two  or  three  dcnotninationo 
as  hours  and  minutes,  minutes  and  seconds,  or  hours,  minutes,  and  seconds,  degreos 
and  minutes,  &c.,  may  be  resolved  conveniently  by  means  of  tht  liHo  of  prupoi 
tiona!  logacithma.  Table  XXII. 

The  followiug  oiample  will  illustvato  Ihe  mode  of  proceeding. 

24*  :  16'  !9"  :  :  B*  3'" 

Taking  the  first  and  third  terms  one  grade  lower,  we  find  their  proportional 

logarithms  (r.  L.)  on  pp.  134  and  139,  writing  the  arith,  eomp.  of  the  former,  wnA 

taking  from  p.  133  the  r.  l.  of  16'  19",  the  ealoalation  mill  be  as  follows  : 

SJ"       ar.  comp.  p.  i,.        9-1949 

le'  19"  .  P.  r..        l'04!ifi 

8"  2"  p.  I..         1*3504 

lu  this  as  m  many  other  problems  of  Nautical  Astronomy,  the  lime  at  Greenwitii 
at  the  instant  of  observation  is  required,  and  may  bo  found  by  adding  or  subtracting 
the  difference  of  longitude  in  time,  according  as  the  place  is  w.  or  e.  of  Greenwich. 
Thus  the  tune  at  Greenwich,  oone^onding  to  any  given  time  at  New  York,  L= 
found  by  adding  4*  56^  4'  (tho  difierence  of  longitaje  between  the  two  places)  \o 
(he  latter. 
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the  log.  ane  of  the  n's  altitude,  the  result  will  bo  the  log.  of  the  apparent 
seniidiamcfer  at  the  given  altitude. 

In  this  way  is  formed  the  Table  at  the  end,  entitled  Auffmenlatum  of 
th«  Moon's  Sesiidiameler  (Tahle  XXXIII.),  which  contain?  the  proper 
correcljon  lo  he  added  to  the  given  liorizonta!  semidiameter,  to  obtain  tlie 
true  semidiameter. 

On  account  rf  t!ie  great  distance  of  the  sun,  no  such  cowection  of  his 
semidiameler  is  necessary, 

The  corrections  for  dip  and  semidiameter  being  thus  applied,  the  result 
is  called  the  apparent  altitude  of  the  centre.  In  the  case  of  the  stars, 
the  only  correction  for  tlie  apparent  altitude  ia  the  dip. 

To  obtain  the  true  altitude  requires  two  other  correclions,  viz.  for 
refraction  and  for  parallax.  The  former  of  these  has  indeed  an  effect 
upon  the  two  preceding  corrections,  dip  and  semidiameter,  which  require 
certain  modifications  in  consequence,  which  we  shall  notdee  after  explaining 
the  nature  and  effect  of 

REFKiCTION. 

108.  ITie  I'ays  of  light  coming  from  a  heayenly  body,  having  to  pafw 
through  the  atmosphere,  are  hent  towaiiis  the  verijcal  by  refraction.  A,^ 
the  atiiiosphere  grows  more  and  more  dense  in  approaching  the  surface 
of  the  earth,  the  light  bending  continually  towards  the  vertie^  pursnes 
a  curvilinear  jifith  in  a  vertical  plane,  and  enters  the  eye  in  the  last 
direction  of  its  motion,  which  prolonged  is  a  tangent  to  the  curve,  and  it  k 
in  the  direction  of  this  tangent  that  the  ohjett  emitting  the  light  ippears 
The  cin've  being  conves  upward,  the  tangent  lies  ibove  it  ind  the  efftct 
of  refraction  is  therefore  to  elevate  the  object  or  to  m'lke  the  apparent 
place  above  the  true  place  The  correction  foi  refraclaon  therefore,  hk< 
the  correction  for  dip,  is  ilways  sultraUtie  ,  it  di.c( eases  fr'im  the  hii  i 
zon,  where  it  is  greatest,  to  the  ^nith,  where  it  \  inishes  (as  the  rays  from 
objects  in  the  zenith  enter  the  itmosphero  perpend  eularly)  m  atcordanoe 
with  tiie  optical  law  that  the  latio  of  the  s  ne  of  the  ingle  ot  mcidencn 
to  the  sine  of  the  angle  of  refrwtion  is  conatint 

At  the  end  of  the  volume  we  hi\e  gi^en  a  table  of  refrictons  con 
taining  the  correction  for  refraction  to  he  applied  to  eveiy  altitulo  from 
the  horizon  to  the  zenitii  *  ind  adapted  to  t!ie  mean  state  ot  the  atmo 

»  II  will  bo  observed  lliat  ihere  is  in  the  labia  a  oalumii  of  differeni-e^  for  1'  of 
altitude.  Tile  number  in  Ih  3  opposite  the  degrees  1 1  the  given  altilode  muol  be  mulu 
plied  hy  the  given  minnlea  and  the  result  sahtraoted  ftom  the  correction,  or  added  lo 
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sphere  (TaHe  XXX.).*  W!  r  tl  p  t^miarature  of  I!  n 
raisecl,  which  is  indicated  by  tho  the  mornetei  the  rcftietion  c 
and  when  the  density  of  the  itnjosphero  is  increased  {mdcttei  by  the 
rising  of  the  mercwry  in  the  barometef)  itartnactwe  power  5nireT.es  -Th" 
change  in  refraction  for  a  difference  of  1°  of  Fahrenheit  and  of  1  inch  1 1 
the  baromet«r  from  the  mean  stal*  is  given  m  foi  arate  columns  and  mtial 
be  multiplied  the  one  by  the  number  of  degieea  whiih  the  thermometer 
differs  from  50°,  and  the  other  by  the  number  of  inches  iiil  fractions  j} 
im  inch  which  the  barometer  diffprs  fram  30"  .tid  the  result  adicd  r 
■iuhti'acted,  as  the  case  may  require  It  should  bo  olworvcd  that  belo" 
4°  the  rofracfJon  is  very  vanable  ^nd  i  ncertain  in  1  sii  h  low  altitudes 
should  bo  avoidetl  as  much  is  possible  it  f>Pi 

It  will  be  unnecessary  to  use  the  correction  for  the  state  of  the  barjm 
ter  and  thermometer,  when  the  latitude  of  the  ship  is  the  only  object  of 
the  observation,  as  this  could  seldom  malce  a  difference  so  great  as  half  a 
mile  in  the  resulting  latitude ;  but,  in  determining  the  longitude  by  the 
Zunar  Ohaervations,  the  neglect  of  these  small  correelions  would  some- 
times  introduce  an  error  in  the  resulting  longitude  of  more  than  thirty 
miles. 

When  the  forgoing  corrections  have  been  applied  to  the  observed  alti- 
tude, the  result  will  bo  the  true  altitude  of  the  centre  above  the  sensiblu 
horizon,  and  it  now  remains  to  apply  the  correction  necessary  to  reduce 
this  to  the  true  altJtnde  of  the  centre  above  the  rational  horizon  ;  that  is, 
W  the  altitude  which  the  body  would  have  if  the  observer  were  aitnafed 
at  the  centre  of  the  earth  instead  of  on  its  surface.     TJiis  last  correction 


109.  In  order  to  explain  the  nature 
and  effect  of  parallax,  let  e  represent 
the  place  of  the  object  observed  froiil 
the  surfece  of  the  earth,  at  s ;  then  the 
angle  ssh,  that  is,  the  observed  angle, 
when  corrected  for  dip,  semidiameter, 
and  refraction,  will  be  the  true  altitude 
of  the  object,  in  reference  to  the 
observer's  sensible  horizon  bh  ;  and 
the  angle  bcb  will  be  the  true  altitude 


■  Such  a  table  might  bo  formed  by  ci 
t8  altitude  computed  from  the  de«Iiiiatii 


npariiig  the  observed  attitude  of  h  at 
I  or  N.p.D,  hour  angle  and  latitude. 
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in  reference  to  tiio  ratiantl  horiBon  cr  ,  icid  Uie  difference  of  these  angles 
is  the  parallax  (Ailed  parvdlaa  in  altitude  when  tlie  object  is  above  the 
horizon  as  at  s,  and  hoticimtal  parallax  when  it  is  in  the  horizon  as  at  ir. 

Since  the  angle  SB  H  is  equal  (o  the  angle  son,  bh  and  ch  being  paral- 
lel by  definition,  we  have  for  the  parallax  in  altitude  ac'e  —  aEH  =  Esc 
(Geora,  Th.  15),  that  is,  the  parallas  is  the  angle  which  the  semidiameter 
of  the  earth  subtends  at  the  object;*  it  is  obvionsly  greatest  in  the  hori- 
zon, and  nothing  in  the  zenith,  and  ia  the  quantity  which  must  be  added 
to  the  true  altitude  above  the  sensible  horizon  to  obtain  the  true  altitude 
abov-e  the  rational  horizon. 

The  sun's  parallax  in  altitude  Is  given  in  a  Table  at  the  end  (Table 
XXXTF.),  his  horizontal  parallax  being  nearly  constant;  and  the  moon's 
horizontal  parallax  is  given  for  the  nocai  and  midnight  at  Greenwich,  of 
«very  day  of  the  year,  in  the  NBUtieal  Almanac,  and  from  the  horirontal 
parallax  thus  obtained,  parallax  in  altitude  must  bo  calculated.  This  is 
flasy  ;  for  since  in  the  triangle  sko  we  have  the  proportion 


it  follows  (since  sc,  the  distance  of  the  heavenly  bodj,  as  nell  as  cc,  tl  e 
semidiameter  of  the  earth,  may  be  regarded  as  constant  for  i  single  day), 
that  the  mm  of  the  parallax  in  altitude  varies  an  the  <o«me  of  the  alli 
tude  ;  but  when  Uie  altitude  ~  0,  as  in  the  case  of  honzontal  parallax, 
COS.  altitude  =  1,  and  the  constijnt  ratio  sc  to  ec,  the  ibove  proportion 
shows  to  be  equal  io  tlie  sine  of  the  horizontal  parilh\  But  trom  the 
proportion  itself  we  see  that  it  is  necessary  to  uinltlply  this  ratio  by  the 
cosine  of  the  altitude,  to  have  the  sine  of  Iho  pavall  ix  in  altitude  ,  but  ->.% 
the  parallax  is  always  a,  very  email  angle,  it  is  usual  to  substitute  the  irc 
for  its  sine,  or  par.  in  alt.  =  hor.  par.  X  cos.  alt,  so  thit 

log.  hor,  par.  in  seconds  +  log'  eos.  alL—  10  =  log  [wr  m  alt  in  sevondi 

We  must  observe  here  that  the  horizontal  pirallix,  i,»en  m  the 
Wautieal  Almanac,  is  calculated  to  the  equatorial  radiui  of  tiie  oirth ; 

*  This  itsull  might  be  arrived  at  much  more  simply  by  mran=  of  our  dolinition  of 
an  angle  (Geometry,  def.  10),  viz.  "  the  diflerenca  of  direction  of  two  Imea '  and  a 
definition  of  parallax,  viz.  the  difference  of  direction  in  which  an  objael  is  Eaan  from 
the  centre  and  autfaee  of  the  eartt),  or  in  a  more  enlarged  sense  of  (he  term,  from  any 
two  points.  This  in  the  diagram  will  be  the  difference  of  direction  of  tt.e  two  lines 
cs  and  es,  i.  t.  the  angle  cse,  or  th*  angle  subtended  by  the  line  joining  the  iwo 
points  of  observation. 
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ami,  therefore,  exc  J t  it  tlit,  Lfiuitoc  a  small  suUrwt  ecorrei-tuu  ol  tiia 
horizontal  parallax  will  be  n  eassary,  on  acujunt  of  tKe  '■pheioiclat  figur 
of  the  earth,  in  consequence  of  which  the  radius  of  the  earth  is  small  r 
everywhere  elsa  than  at  tho  ei^uitoi  and  contequ  ntly  ■^abtenda  i  smtiUer 
[Kirallax.  A  table  of  such  corrections  la  c^yen  it  tlio  end  (So  r<iblc 
SXXV.)  It  must  ev  dentil  bo  a  table  of  double  entry  the  two  argii 
mente  bemg  the  equahrial  horaontal  pirtlhx  and  the  lattuJe  upon 
which  two  quantities  the  correction  dtp  iids 

llO'.Sueh  are  the  lorrections  necessary  to  b<,  ajpliei  to  the  obwrved 
altitudes  of  celestial  objectR,  in  order  to  obtain  their  true  iltitude?  \.  f  i 
other  preliiuanary,  but  very  simple  and  obvious  operations,  must  also  be 
performed  upon  the  several  qnantities  taken  out  of  the  Ifautical  Almanac, 
in  order  fo  reduce  them  to  their  proper  value  at  the  time  and  place  of 
observation ;  for  the  elements  furnished  by  the  Nautical  Almanac  arc 
compated  for  certain  stated  epochs,  and  thdv  values  for  any  iutermadiate 
epoch  must  be  found  by  proportion.  But  ample  directioDs  for  these  pre- 
paratory operations  are  contained  in  the  "Esplanation  of  the  Articles  in 
the  Nautical  Almanac,"*  to  be  found  in  the  last  pajros  of  that  work. 

•  It  may  be  well,  howevBr,  to  give  here  some  general  aocouiil  of  Ihe  arrflngeiiient 
of  the  NaQtJoal  Almnriae.  The  first  [wenty-two  pages  oontuin  (he  right  aaeonaion, 
deolination,  semidiameter,  snd  a  variety  of  olhet  elements  relating  to  the  sun  and 
moon  for  every  day  of  the  month  of  January,  the  r^ht  03oensLoQ,of  tho  sun  at 
mean  oooii  and  al  apparent  noon,  thai  of  the  moon  at  tho  beginning  of  every  hour 
of  mean  lime  throughout  the  day  at  Greenwich.  Tiie  nest  twenty-two  pages  con- 
tain the  same  elements  for  the  month  of  Febtuaiy,  and  so  on,  each  month  ooeupying 
Iwenty-lwo  pages,  marliccl  with  tho  Roman  numatals,  I,  Il,,4.c.  The  year  thua  being 
gone  ihrongh,  after  a  few  pages  conlaining  the  sun'a  co-ordinates,  follows  tho 
ephemeria  of  the  planets,  beginning  with  Mercury,  the  one  neatest  the  sun.  This 
contains  the  Eeraidiameler  and  declination,  apparent  right  aseension,  as  affected  by 
aberration  of  light,  and  some  other  elements  of  the  planet  for  every  day  in  the  year 
of  mean  noon  at  Greenwich,  and  also  at  the  lime  of  the  planet's  meridian  tratiMt  at 
Greenwich,  each  month  occupying  two  pages.  This  Ephemeris  extends  from  p.  275 
to  p.  465,  ill  the  almanac  of  1950.  The  next  three  pages  contain  the  mean  places 
or  right  ascension  and  declination  on  the  1st  of  Jan,  of  lOD  principal  filed  slars,  with 
th«r  annual  variation)]  in  right  ascension  and  declination,  iiiarlted  -|-  or  —  . 

The  latter  mulUplied  by  tie  fraction  of  the  year  which  has  elapsed,  which  is  given 
in  the  last  column  of  p.  XXII.  of  each  month,  will  be  the  quantity  to  be  added  or 
subtracted,  in  order  to  have  lliB  mean  r.  *,  and  Dec.  at  the  time.  To  obtain  the  true 
places,  corrected  for  nutation,  &c.,  recourse  must  be  had  to  formulas  and  tables 
given  in  the  next  three  pages  of  the  Almanac,  except  that  of  a  number  of  the  prin- 
cipal Btara,  the  true  k.  i.  and  Dec.  are  given  for  every  ten  days  from  p.  468  to  p.  SOI, 
in  the  edition  of  1850.  The  remaining  matters  contained  in  the  Nautica!  Almanac 
will  be  noticed  as  occasion  requires. 
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1.  On  the  14th  of  July,  1833,  suppose  tlie  ol«ei'vetl  altitude  of  the 
sun's  lower  Hmb*  to  be  16°  36'  4'',  the  observer's  eye  to  be  18  feet  above 
the  level  of  the  sea,  the  barometer  to  stand  at  39  inches,  and  the  ther- 
mometer at  fi8°  ;  required  the  true  altitude  of  the  aun's  centre. 

Observed  alt.  s's  L.  L.         .         .         .        .         .  16°  36'    4" 

Depression  of  the  horizon  (Tab.  XXXI.)      .         ,  -_      4   .4. 

App.  alL  of  L.  L ,  16    32     0 

Refraction  .......  —      3  14f 

Correction  for  Barometer     .....  +     6*5j 

Coweetioa  for  Thermometer         ....  -h    3*2§ 

True  altitude  of  L.  L.  above  the  visible  horiran      ,  16    28  55'^ 

Sun's  aeraidiameter  {NauL  Aim.)  ...  +15  45*4 

Parallax  in  altitude     ......  +     8'4|I 

True  altitude  of  the  sun's  centre  .         ,         .         .  16    44  49*5 

2.  On  the  23d  of  Juno,  1850,  in  longitude  4'  56"  4*  W.,  latitude 
about  40°  43'  IST.,  at  II*  44"  55'  mean  time,  the  double  altitude  of  the 
moon's  upper  limb  was  observed  by  reflection  from  Mercury  to  be 
58°  14' ;  the  index  error  of  the  sextant  was  13''  subtractive ;  the  baro- 
meter stood  at  30*74  in.,  and  the  thermometer  at  78",  required  the  true 
altitude  of  the  moon's  centre. 

The  object  in  this  example  being  the  moon,  it  is  necessary  to  com- 
pute her  semidiameter  and  parallax  in  altitude  at  the  instaiit  of  obser- 

*  The  limb  of  tko  awn  or  moon  is  the  edge  or  border  of  tiie  dine. 

t  Takoout  tlieiefraetionsforl6O30'ofttltiIudefrom  lhmttble,lhen  tliedifl:  fof  )' 
of  altitude  in  the  column  adjoining,  niulliplying  the  latter  by  9,  and  subfracling  the 
product  from  the  ref.aetioii  for  16°  30' ;  (lie  result  will  be  that  for  16°  32',  when  the 
barometer  is  at  30  in.  and  the  ihermometer  st  50".  The  correction  for  refraction 
is  always  snbtiactive. 

t  The  barometer  standing  at  39  in.  the  number  taken  from  the  colamn  entitled 
cor.  for  +  1  must  be  subtracted  from  the  refraction  or  added  to  the  altitude,  tlie 
atmosphere  being  leas  densi'  than  in  its  medium  state. 

^  The  thermometer  standing  at  8°  above  ita  medium  stale,  tlio  HtmospherB  is  more 
rare,  and  the  number  taken  from  the  column  Diif.  for  1°  Fab.,  after  being  mulii- 
[>lied  by  8,  must  be  subtracted  from  the  rel'raetion,  or  added  to  the  altitude. 

|[  Table  XXXIV.,  the  parallax  in  alt.  for  10°  ia  9",  and  for  ilO°  is  8".  Tliam- 
lure  for  JGf  by  proportion  it  is  8""4,  Thia  correction  for  par.  in  uk.  is  alwayfl 
additive. 
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vatiou  since  tkese  elemenls,  for  the  moon  clianges  sensibly  iu  a  verj-  short 
tiiae.  TheBeraklianieterof  the  moon  at  noon  andmiclmghtiagiveD  in  the 
Wautical  Almanac  for  every  day  in  the  year,  at  page  III.  of  each  month, 
and  the  difference  between  these  will  be  the  v^riatJon  of  tlie  semidiameter 
ill  12  hours.  Therefore  we  mast  say  as  12* :  the  variation  in  12*  :  :  'iho 
interval  between  the  preceding  noon  or  midnight  and  the  instant  of  obser- 
vation 1  the  variation  of  the  semidiameter  in  that  interval ;  the  fourth 
term  of  this  proportion  added  to  or  subtracted  from  the  semidiameter  at 
the  preceding  noon  or  midnight,  according  as  tJie  semidiameter  is  observed 
from  the  numbers  in  the  almanac  to  be  increasing  or  decreasing,  will  give 
the  semidiameter  at  the  instant  of  observation. 

la  a  similar  manner  must  the  moon's  horizontal  parallax,  wLicli  is  given 
for  every  noon  and  midnight  on  the  same  page  of  the  Nautical  Almanac, 
be  reduced  by  proportion  to  the  time  of  observation. 

The  computation  of  these  elements  is  aa  follows  : 

Mean  time  of  observation  at  the  station  II*  44"  55' 

Add  longitude  of  the  place  of  observation  4    56      4 

Con'csponding  mean  time  at  Greenwich  16    40    69 

Time  after  midnight  Gr.  June  23d  4    40    69 


Semidiameter  pievious   mid. 

iiiglit,  Jimo  23il   (NaiU, 

Aim.) .  14'  50"'3 

Ssmidiam.  noon  (June  94tli>,  14  43  •! 
Varial.  in  IS*  2    -2 

.-.  12'  :  2"-a  : :  4*  40"  59"  :  0   -8 

SemidiBtn.  at  midnight  (S3d),  14  SO  '3 
Semidiam.  at  time  of  oba,,  14  49  *5 
Augmenlation  for  29°  of  alt.-t  +7-8 
Apparent  semidiam.  to  oba,,  14  5l  -3 
Subtract  contraolion.t  —  1   •! 

True  Hemidiom.  to  obsotver,     14  56   '2 

*  This  ia  the  interval  from  midnight  at  Greenwich  to  the  inslanl  of  obsarvalion. 

t  Table  XXXIII,  Thia  augmentation  ia  in  consequence  of  the  moou  being  neater 
to  the  observer,  as  it  approaohea  ihe  zenith.     See  p,  979. 

t  This  ia  oecaaionod  by  the  efiect  of  reftaetion,  whie..  is  lo  make  every  vertical 
arc,  such  as  the  vertical  aoraidiameter  of  tlie  sun  or  moon,  appear  shorter  in  the 
heavens  than  il  really  is.  This  will  obviously  be  ihe  case,  becauae  the  lower 
Bilremity  of  the  arc  ia  more  elevated  by  refraction  than  the  higher,  and  coneequently 
the  two  extremities  are  brought  nearer  togellier,  and  thus  the  arc  is  ahoilei^ed.  The 
cjntraelion  is  obtained  from  Tab.  XXXII. 

4  Table  XXXV.,  !oc  p.  97.1,  last  paragraph  of  Art.  109, 


Horizontal  parallax  preceding 
midnight,  June  23d  (Naul. 
Aim.)  5 

Hor.  par.  noon  [34th),  5 

Var.  in  19'      . 
.-.  12*  :  8"-9  :  :  4'  40"  53'  : 
Hor,  pat.  at  midnight,  5 

Hor.  par.  at  limo  of  obs., 
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Observed  double  altitude  n's  U.  L.       . 
Index  error  subtractivo. 

5S°  14 

00 
15" 

Double  altitude  covi'ected  for  index  error, 
Hnlf  this  is  the  obs'd  altitude  of  Vs  U.L. 
Connected  femidiameter, 

58     13 

29       6 

14 

45 

52-5 

B6"2 

Apparent  altitude  S'scfliitro, 

28     51 

56-3 

App.  a!L  b'e  centre,    .          .          .          28o   51'  56"-,t  cos    9*94238 
Horizontal  parallax  at  station,     .         .  325y"*5  log.  3'51315 

Parallax  in  dtitude 2854''5         3-45553 

App.  alt.  B'a  centre, 28^  51'  56"-3 

Refracdon, —  1    44  '9 

Barometer, — 2  '7 

Thermomefer, +5-5 

Parallax  in  altitude, +  47    !H  -5 

True  alt.  of  cent,  from  cent,  of  the  earth,  .        .  29     37   48  -7 


These  two  examples  will  serve  for  speamens  of  the  corrections  to  U'. 
applied  to  an  observed  altitude,  in  order  to  deduce  from  it  the  true  altitude 
of  the  body's  centre.  In  the  case  of  the  moon,  the  corrections,  when  the 
utmost  accuracy  is  sought,  are  rather  numerous,  as  the  last  example  shows. 

But  in  finding  liie  latitude  at  sea,  it  is  usual  to  dispense  with  somo 
of  these,  more  espedally  witb,  the  corrections  for  temperature,  for  thi- 
contraction  of  the  moon's  semidiameter,  and  for  the  spheroidal  figure  of 
the  earth ;  because  an  en'or  of  a  few  seconds  in  the  tnie  altitude  will  ' 
introduce  no  error  worth  notidng  in  the  resulting  latitude.  When,  hon- 
ever,  the  object  of  the  observer  is  to  deduce  the  lon^tude  of  the  ship, 
all  the  data,  furnished  by  observation,  should  be  as  accurate  as  possible : 
for  the  problem  is  one  of  such  delicacy  that  by  neglecting  to  allow  for  th(- 
iiifluenee  of  temperature  would  alone  introduce  in  some  cases  an  error  of 
from  30  to  40  miles  in  the  longitude. 

When  die  object  observed  is  a  stai',  several  of  the  foregoing  co^^ection^ 
vanish ;  the  only  corrections  in  this  case  requisite  are  those  for  dip  and 
Infraction,  modified  as  usual  for  the  temperature. 

111.' To  determdrte  fke  latittiile  at  sea  from  the  meridiaa  altitude  of 
any  eeleiUal  i^ect  whose  declination  is  known. 

The  delemunation  of  the  latitude,  by  a  meridian  altitude,  is  the  moat 
•  See  p.  375. 
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easy  and  safe  metliod  of  findiog  that  alement;  tlio  observations  and  sub- 
sequent calculations  being  few,  are  readily  perfonHod,  and  with  but  littla 
.  liability  to  error  in  the  result ;  this  method,  therefore,  U  always  to  be  pre- 
ferred at  sea,  unless  clouds  obscure  tJie  meridian  whilst  other  portions  of 
the  heavetB  aie  left  visible. 

The  declination  of  the  object  observed  is  supposed  to  be  g^ven  in  the 
N'auUcal  Almanac,  when  it  culminates  or  makes  its  meridian  transit  at 
Greenwich ;  ifa  declination  when  it  culminates  at  the  meridian  of  a  ship, 
may  be  found  by  means  of  the  lon^tudo  by  acconnt,*  which  will  always 
be  sufficiently  accural*  for  this  purjiose,  although  it  should  differ  very  con- 
(siderably  from  the  true  longitude,  because  declination  changes  so  slowly 
that  even  an  error  of  an  hour  in  the  longitude  would  cause  an  error  in 
tlie  declination  too  small  to  deserve  notice. 

The  declination  being  the  distance  of  the  object  f)om  the  equator,  and 
the  observed  altitude,  properly  corrected,  being  the  distance  of  the  same 
object  from  the  ship's  zenith,  the  distance  of  the  nonith  from  the  equator, 
that  is,  the  latitude,  immediately  becomes  known. 

Let  the  full  circle  in  the  diagram  be  the  meridian. 

1.  Let  s  be  the  object  observed,  the  zenith  z  being  to  the  north  of  it, 
and  the  object  itself  north  of  the  equator,  bq,  then  the  latitude  sz  is  equal 
to  the  zenith  distance,  or  co-altjtude  zs  +  the  declination  ss,  and  it  is 

■2.  Let  s'  be  the  object,  still  north  of  the  eqnatoi',  but  so  posited  tliat 
llie  zenith  is  south  of  it,  tlien  the  latitude  bb  is  equal  to  the  difference 
between  the  zenith  distance  s'z,  and  declination  s'e,  and  is  still  north. 

3.  Let  now  the  object  be   at  s",  K     g' 

south  of  the  equator,  and  the  zenith 
to  the  north  of  the  object,  then  the 
latitude  Ez  is  equal  to  the  difference 
between  the  zenith  distance  s"z  and 
declination  s''b,  and  it  is  north. 

Wo  have  here  a'«,umed  the  north 
to  be  the  elevated  pole,  but  if  the 
south  be  the  elevated  pole,  then 
we  must  write  south  for  north,  and 
north  for  south.  Hence  the  follow- 
in";  rule  fur  all  cases. 


*  For  ihia  purpose  the  vatEntion  of  the  declination  in  1  hour,  which  is  given  in 
Naolical  Almanac  for  the  ann,  must  be  niullipiied  hy  the  longitude  in  houra 
fratlions  of  an  hour,  and  the  product  added  or  eiibtractod  will  produce  llie  decl 
;ion  al  the  ticne  of  meridian  transit  at  tlic  ehip. 
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Call  the  zenith  dintance  north  or  south,  according  as  tJie  zenith  is  north 
or  south  of  the  object. 

If  tlie  zenith  dtiiatwe  and  deelinalion  be  of  the  same  name,  that  is, 
both  north  or  both  south,  their  szim  viill  be  the  latitude  ;  but  if  ofdifer- 
ent  names,  their  differenee  mil  be  (he  latitude,  of  the  same  name  as  the 
greater. 


1.  Ship  Admiral,  from  New  York  to  Havre,  at  sea  Jan,  4th,  1850. 
Longitude  25°  W. 

Observed  merid.  alt.  a's  lower  limb,        .         ,         .  1 8"  S4'  20" 

Dip  (for  heiglit  of  17  feet) —  3   57 

App.  alL  o's  L.  L.        .         .         .         .         .         .  18    50   23 

Refraction,  .         .        .         .         .         .         ,         .  —2   4!) 

Parailai  in  alt +8 

Semidiameter, 16  17*^ 

s's  true  alt. 19       3   59-3 

©'s  zenith  dist.  N.                  .         .         .         .         .  70     56   00-7 

®'b  dtdination*  S 22     4.T   37-9 

Latitude,  N 48     12    22-8 

2.  At  eea  Jan.  11th,  1850.     Long.  2"  W.     e's  Dec.  21°  46'  l"  S. 

Obaei'ved  alt.  0's  L.L 18°    4' 00'' 

Allowing  for  semidiametar  (Dip  3'  26")  parallax,  .tc.  +       12   29 
Required  the  latitude. 

Aim.  49°  Hi'  29"  N. 

3.  On  the  1st  of  Jamiary,  1850,  the  meridian  altitude  of  Capella  was 
27"  35',  tho  zenith  being  south  of  the  star,  and  the  lieigLt  of  the  eye  23 
feet ;  required  the  latitude. 

'  Tbia  is  obtained  by  taking  out  fioni  the  Nautical  Aimaiiae,  the  declination  for 
appuiont  noon,  p.  I.,  which  is  33°  44'  5"-2.  Then  conipmiiig  the  chaiiire  in  decli- 
.nation  for  1j  hours,  the  time  in  nbich  the  9un  is  pnssing  from  the  meridiao  of  Green- 
wich to  that  of  tho  ship  in  long,  35°  W.,  by  multiplying  the  number  16"'38,  found 
m  the  ooluQUi  in  the  Almanac  entitled  Diff  for  1  hour  by  li.  The  product  27"'3, 
subtracted  from  32°  44'  5"'2,  because  Iho  declination  if  ducrcasing  ivill  give  llw 
deciuialion  st  the  meridian  transit  of  the  eon  at  the  ship. 
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Oteevved  »ltitiiae,        ......  27^  35'  0" 

Dip, _  4  30 

Ajipareiit  altitude, 27  30  30 

llefraction,            .          ,          .          ...          .  —  1  51. 

True  altitude, 27  38  39 

Zonith  distance, 6'i  31  21  S, 

StHt'n  dec.  (Nauticiil  Almanac),     .         .         .         .  45  50  20  N. 

Latitude, 16  41  1  S. 

4.  Suppose  tliat  tlic  iiltitiido  of  the  moon,  as  given  in  Example  2,  p. 
'Zlt,  was  observed  wlieii  tlio  moon  was  upon  the  meridian,  vequired  the 
latitude  of  the  place  of  obscfvatjon. 

TLe  ti'iie  altitude  of  tlio  iiiooii's  centre  being  linown,  after  applying  the 
corrections  as  at  p.  278,  it  remains  to  find  her  declination  at  the  instant 
of  (ibsen-ation.  Tlio  Nautical  Almanac  ^vcs  the  moon's  declination  for 
everj'  even  liour  of  the  day  of  every  day,  on  pages  V.  to  XII.  of  eacii 
month,  and  the  variation  in  declination  for  10™  of  time.  The  required 
declination  would  tlierefoi'e  be  computed  as  follows : 

B'a  dec.  June  23d,  at  10'  (Nautical  Almaniic),  19°  36'  48"-8 

Diff.  dee.  for  41",''^ 1   35 

Dee.  at  the  inst.  of  observation,     .         .         .  IS    38   23  -8  S. 

B'Bzenithdist.  ={90°  — 29"=  37' 49"'8t)    .  60    22    10  -2  N". 

Latitude  required,         .         .         .         .         .  40    43   46  '4 

If  the  time  of  obsen'ation  were  not  known,  it  coultl  be  coinpated  from 
the  fact  that  the  moou  is  on  the  meridian. 
The  moon  passed  the  Meridian  of  Greenwich 

June  23d  (Nautical  Almanac,  p.  IV.),  at        .         .         11'  33"  C 

June  24tl.,       " '  " 12    21    7 

The  interval  between  the  two  transits  is  ,         .         24    48    7 

That  is  in  24*  48"  1'  the  moon  is  reUrded  in  coming  to  the  meridian, 
by  her  proper  motion  from  W.  to  E.  48"'  7' 

,-.   24'  48-  1"  :  48"  7'  :  :  4'  50"'  i'\  :  O"  30' 

■  The  time  of  obs.  was  40"  SB'  past  G^  or  nearly  il«.  The  Nam,  Aim,  gives 
23"-17  did:  of  dec.  for  10"  .■-  JO™  :  a3"'17  : :  41"  :  1'  34"  the  chango  in  iev.  in 
41",  which  as  Juc.  is  inotiiasing  must  be  added.     Second  diilerencea  are  not  used, 

+  This  \a  Itie  Itue  alt.  of  ihe  B'a  cenlre  from  l!ie  centre  of  the  aarlh,  p.  273. 

I  This  is  tlio  longitude  of  the  place  of  olwen/nliou. 
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This  last  numljei'  is  the  retarilation  of  the  moon  in  passing  from  tlia 
meridian  of  Greenwich  to  tiiat  of  the  place  of  obaervaUon.  The  moou 
having  crossed  the  meridian  at  Greenwich  at  11*  33"  on  the  23d,  will 
eross  that  of  the  station  9"  39'  later,  so  that  the  time  of  meridian  transit 
»t  tlie  station  will  be  11'  36"  39'.* 

It  saves  trouble  to  note  the  IJrae  of  meridian  ti'ansit  by  a  watch,  or  still 
bt'ttor  by  a  chronometer,  keeping  Greenwich  time. 


These  examples  will,  no  doubt,  be  found  sufficient  to  put  the  student  in 
]K>?se9sion  of  the  method  of  applying  the  various  corrections  to  the 
oWrved  meridiMi  altitnde  of  a  celestial  object,  in  order  to  deduce  from  it 
the  latitude  of  the  ship.  But  it  should  be  remai'ked,  that  in  most  works 
m  Nautical  Astronomy,  subsidiary  tables  are  inserted  for  the  purpose  of 
dbridging  some  of  the  foregoing  co^reeti^'e  operations ;  such  tables,  there 
fore,  offer  very  acceptable  aid  to  the  practical  Navigator.  Bowditeh's 
Navigator  is  the  most  complete  work  of  the  kind. 

It  should  also  be  observed  hero,  that  in  the  preceding  examples  tlie 
celestial  object  is  supposed  to  be  on  the  meridian  above  the  pole  ;  that  is, 
to  be  higher  tlian  tlie  elevated  pole.  But,  if  a  meridian  alljtude  be  taken 
In-'Iow  the  pole,  which  may  be  done  if  tlie  object  is  drcumpolar,  or  so  near 
to  the  elevated  pole  as  to  pei'form  its  apparent  daily  revolution  about  it 
without  passing  below  the  hoiizon,  then  the  latitude  of  the  place  will  he 
eiiual  to  the  sum  of  the  true  allstude,  and  the  codeclination  or  polar 
distance  of  the  object ;  for  this  sum  will  obviously  measure  the  elevation 
of  the  pole  above  the  horizon,  which  is  equal  to  the  latitude.f 

112.  To  determHie  the  latitude  at  sea,  bij  ineam  of  ttao  aCtitwdea  cf  lite 
nun,  and  the  finw  hetmeea  the  observalums. 

In  the  preceding  article  we  have  shown  how  to  determine  the  latitude 
of  the  ship  by  tlie  meridian  altitude  of  the  sun,  or  of  any  other  heavenly 
body,  whose  declination  may  be  found.  But,  as  already  remarked,  the 
object  we  wish  to  observe  may  be  obscured  when  it  comes  fo  the  meri- 
diim,  and  this  may  happen  for  many  days  k^ther,  although  it  may  be 
frequently  visible  at  other  limes  of  the  day.     As  therefore  the  oppor.unity 

•  This  difiers  slightly  from  ihe  time  of  observnlion  given.  The  moon  changes  sc 
r:ipidly  ill  doelinatioti  that  Iier  grealasl  altitude  id  not  always  thu  meridian  sllitiide. 

t  That  the  elevation  of  ibe  pale  above  the  horizon  19  equal  to  tlio  latitude  of  llio 
place  is  evident  from  l!ie  fact  that  tiie  zenith  is  90°  from  the  horizon,  and  the  jiol>> 
flU"  from  the  equator. 
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for  a  meridian  observation  cannot  be  depended  upon,  it  becomes  an  impor- 
tant problem  to  determine  the  latitude  at  sea,  by  observations  made  out 
of  tbe  meridian ;  and  considerable  attention  has  accordingly  been  p^d,  by 
scientific  persons,  to  tbe  metbod  of  finding  the  latitude  by  "double  alti- 
tudes," and  various  tables  have  been  computed  to  f.icilitate  the  operation. 
But  tbe  direct  method,  by  spherica!  trigonometry,  though  rather  long, 
.  involving  three  spherical  triangles,  will  be  more  readily  remembered,  and 
e  easily  applied  by  persons  familiar  with  the  rules  and  f 


e  shall  tbereforf 


tiTgonometry  than  any  indirect  or  approximate  pi 
explain  the  direct  method. 

Let  p  be  the  elevated  pole,  z  tbe 
renith  of  the  ship,  and  s,  e'  the  two 
places  of  the  sun,  when  the  altitudes 
are  taken.  Then,  drawing  the  great 
circle  arcs  as  in  the  figure,  we  shall 
liave  these  ^ven  quantities,  viz.,  the  co- 
declinations  PS,  m';  the  coaltitudes 
!ia,B3',  and  the  hour  angle  Bps',  which 
measures  the  interval  between  the 
observations ;  and  the  quantity  sought 
is  the  colatitude  zp.  Now,  in  the  tri- 
angle pes',  we  have  given  two  sides 
and  the  included  angle  to  find  the  third  side  sa',  and  one 
ing  angles,  say  the  angle  pss'.  In  the  triangle  zss'  we  ! 
three  sides  to  find  the  angle  s'sz  ;  having  then  the  angles  pss',  s'sz,  the 
angle  zsp  equal  to  their  difference,  becomes  known,  so  that  we  have, 
lastly,  two  sides  and  the  included  angle  in  the  fj'iangle  zsp,  to  find  tbe 
third  side  zp. 

Before  tbe  application  of  the  trigonometrical  process,  the  observed  alti- 
tudes must,  of  course,  be  reduced  to  the  true  altitudes,  as  in  the  preceding 
examples.  Moreover,  as  the  ship  most  probably  sails  during  the  interval 
of  the  observation,  an  additional  reduction  becomes  necessary,  as  follows  : 
Let  z  be  the  zenith  of  the  ship, 
and  s  the  place  of  the  sun,  at 
the  first  observation  z'  and  6'  the 
same  at  the  second.  Then  the 
angle   z'zs    will 


bearing  of  the  ship's  path  from 
the  sun,  which  may  be  observed 
with  the  compass;    considering 
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this  angle  as  a  course,  and  the  distance  sailed,  zz',  aa  llio  correspoudiiig  dia- 
tiBnce,  find  by  the  table  (or  by  the  formula  zz'  cm  z'zi)  zl  which  subtracted 
Irom  Z8  will  give  z's  nearly,  which,  instead  of  zs,  should  be  ased  with  z's' 
in  the  solution  before  given.  This  must  be  subtracted  from  the  first  zen, 
dist.  if  the  angle  z'it  is  lesa  than  90° ;  but  it  must  be  added  when  the 
angle  exceeds  90°.  If  the  angle  is  90°,  no  correction  for  the  ship's  change 
of  place  will  be  necessary. 

Where  great  accuracy  is  aimed  at,  account  should  be  taken  of  the  ship's 
change  of  longitude  during  the  interval  of  the  observatJons ;  when  con- 
verted into  time  it  must  be  added  to,  the  interval  of  time  between  the 
observations  when  the  ship  has  sailed  eastward,  and  subtracted  when  she 
has  sailed  westward.  "This  correction  is  very  easily  applied. 

Having  thus  mentioned  the  necessary  preparative  corrections,  we  shall 
iiow  give  an  example  of  the  trigonometrical  operation. 


Let  the  two  zenith  distances  corrected  be  (see  last  figure  but  one),  va 
=  13°  54'  13",zs'  =  47°  45'  51",the  corresponding  decimations  8°  18' 
and  8°  15'  north,  and  the  interval  of  time  three  hours  ;  to  determine  the 
latitude. 

Considering  as'  to  be  the  base  of  an  isosceles  spherical  triangle,  of 

which  one  of  the  equal  sides  is  ^  (I's  +  P8')t  ~  81°  43'  30",  and  the 

vertical  angle  equal  to  3*  or  45°,  let  the  perpendicular  pm  be  drawn,  then 

we  have  in  the  triangle  pms  right  angled  at  m,  ps  =  81°  43'  30",  and 

45o 
T  =  ——•  =  22°  30',  giveii,to  find  SM  =  i  as'  as  follows. 


=  44     30    22*8 


*  !f  the  student  will  coDceiTe  an  addition  to  the  first  diagram  on  the  preceding 
page,  to  wit,  the  arc  of  another  great  circle,  different  from  pz,  drawn  through  p,  to 
repreeeot  the  new  meridian  of  the  ship,  calhng  Ihia  pz',  tlien  the  hour  angle  or 
time  nf  the  firat  otBsrvation  would  be  zra,  as  befiira,  but  that  of  the  Bocood  oh- 
servatioQ  would  be  zW,  and  tho  difference  zps  —  n'ra',  or  the  diCf.  of  the  times 
<>t  obo.,  would  eyidentlj  be  equal  to  sfs'  +  zpz'.  or  srs'  —  7,y%  Recording  hs  pz' 
is  ja  front  or  behind  in  tha  diagram,  Le.,  east  or  west  of  ph.  But  zpz'  ia  tlie 
difference  of  lot^tude  of  the  two  meridians. 

t  Which  we  may,  without  sensible  error,  where  tlie  base  Is  so  aniRll 
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H.1.I 

VN-G1,K 

..s' 

sin  as'           44°  30 
sin  Ps'           81    45 
in  Bi's'         45      0 

22'8" 
0 
0 

arith 

comi^ 

0*15429 
9-99548 
9'84948 

in  pss'          86     38 

53 

9-99925 

This  angle  is  acute  like  its  opposite  side  (see  ]i. 


Ks'   47°  46'  51" 

si 

zs    73    54   13 

arith.  conip,  0-01737 

si 

ss'  44    30  22-8      . 

aiith.  comp.  0-15429 

3)iea    10  26-8 

-}.«. 

1  =  83      5   13-4 

(imm- 

zs)     B    11     0-4      . 

.  0-20302 

(J.v,n— 

ss)  38     34   50-6      . 

.  e-79492 

=  45°  12'  52-8" 
=  86    38    53 
=  41     26      0-2 


^oaH^+Fs)  77°48'f 
eot  1  rsn  90°  43' 


r.  comp.  0'67555 
,  .  .  9'99594 
.     .     .  10-42238 


....    10'4a3a8 
■09377  tanJ(F..^i)20oi2'3e"  9'5e593 


&xpr«Bs  Iht^  dilference  bt 
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TO    .VAUTICAl.    ASTEONOMV. 


COS  i  (2  ~  !■)    20°  12'  32'  ar.  wmji.      (I-Q2l5d3 
<»si(z  +  p)    85°  23' 31"  8*904822 

tan  i  (zs  +  Ps)    n°  48'  52"  10*685658 

tan  i  2P    21°  37'  14"  0*598073 

7.v  =  43°  14'  28" 
Upon  tlio  same  principles  may  the  latitude  be  determiued  from  the 
altitudes  of  two  fixed  stars,  taken  at  the  same  time;  in  thia  caae  b,  b', 
:n  the  preceding  figure,  will  represent  the  two  stars :  pe,  pa',  their  known 
polar  distances,  and  tbe  angle  eps',  the  difference  of  their  right  ascensions  ; 
lie  same  quantities  are  therefore  given  as  in  the  case  of  the  sua,  but,  as 
in  the  case  of  two  stars,  pa,  ps',  may  differ  very  considerably,  ks'  cannot 
he  considered  as  the  base  of  an  isosceles  triangle,  but  must  be  compiif«d 
from  the  otlier  two  sides  and  their  included  angle. 

For  other  modes  of  determining  the  latitude,  see  the  nest  Appendix. 


The  determination  of  the  longitude  of  a  place  always  requii'es  the 
solution  of  these  two  problems,  viz. :  Ist,  to  determine  the  time  at  the 
place  at  any  instant ;  and,  2d,  to  determine  the  time  at  the  first  meridian, 
or  that  fi'om  which  the  longitude  is  estimated,  at  the  same  instant ;  for 
the  difference  of  the  times  converted  into  degree  at  the  rale  of  15°  to 
an  hour,  will  obviously  give  th*"  longitude 

When  the  latitude  of  tbe  j  la  «  s  known  (and  t  ay  be  toun  1  hv  tl  c 
methods  already  expla  ned)  tl  p  time  n  y  1  c  put  1  t  m  tl  e  alt  t  oe 
of  any  celestial  object  lose  decln^ton  a  knon  to  tie  o  Ittud 
codeclinalJoii,  and  colit  tude  will  bo  th  hj  de  fa  -iihe  cal  tr  ^  gle 
given  to  find  the  hou  anftle,  co  npnsed  betw -en  the  odeclnato  and  tb 
colatitude. 

(See  Art.  84.)  The  t  ilo  n"'  ei  npl  It  II  t  th  n  1  of  j.  u- 
ceeding. 

At  Columbia  Collej,e  Ja  uary  13th  1850  th  d  hi  altlul  f  the 
sun's  lower  limb  was  observe  1  by  refle  on  tron  no  u  y  o  be  4''°  9 
Thermometer  40°,  and  Ba  oneter  30  n 

Time  by  the  watch,  10*  6"  10'  A.M. 

Index  error  of  the  sextant,  52"  additive. 

Latitude  of  station  40°  42'  40". 

Longitude  from  Greenwich  in  time,  4'  SG"  4". 

Required  correct  time  of  Observation  and  error  of  the  watch. 
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288  ArrL]c.\Tio\  oi-  hi'iierical  TitmoxoMBTRV 

Equation  of  time  .it  ap.  noon,  Januajy  13th,  1850,  9"  00"    '27. 
IMfference  per  hour  =0'  "926.* 

Sun's  declioation  at  ap.  noon,  January  13tii,  18S0,  21o29'18'  • 
Wfference  per  hour  =  26"'l. 

Observed  double  altitude, 42°  29' 

Index  error  of  sextant.     Additive  (see  2d  note,  ji.  290). 
Double  altitude  corrected  for  index  error, 

Altitude, 

Refraction  (Th.  40),  (B,  30),  Table  XXX.,   . 
Sun'a  Parallax  in  Altitude,  Table  XXXIV.,  . 
Semidiameter  (Nautical  Almanac) 
»'s  true  altitude  corrected  for  refraction,  parallax. 

and  semidiameter 
•'b  zenith  distance  (  90° — Altitude)   . 


42    29    . 
21     14    , 


21     28 
C8     31 


Approx.  time  at  station, 

Longitude  from  Greenwicli  in  time, 

Time  at  Greenwich, 

Equation  of  time,  subtractive. 

Time  after,  apparent  noon  at  Greenwich 

*'8  declination  at  time 


10*    G"  10'  A.i 


3      2     14 
9      3 

•08 

2    63     10 

93 

91    2S       4 

18 

'  This  mual  be  imiliipiied  hy  iho  lime  after  apparent  Hooii  al  Greenwich,  Iboni! 
below,  reduted  to  hoars  and  decimals  of  nn  iiour,  and  the  product  added  to  the 
equation  of  time  at  noon  above,  to  obtain  the  aquation  of  lime  al  the  instant  of 

1'  This  La  computed  from  the  data  in  the  third  and  fourth  lines  from  tiie  lop  of  tha 
page,  in  llie  same  manner  aa  the  equatioo  of  lime. 
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TO    NAUTICAL    ASTKON'OMV,  280 

Psors^s's  N.p.D-(00Oi-D}=n]O28'    4"-18  ar.co.  log.  sin  0*03122 
pz  or  s  =  Oolatitude  49    17  20         sr.co.  log.  sin  0*12033 

iisor^  =  ZeBilJi  distance  68    31   U  '1 

s  229    16   38   -88 
^e   11-1    38  19   -44 
^s  —  g       3    10  15  -26  log.  sin  8*74285 

is— s     65    20  59  -44  iog.  sin  9-95850 

2)18*85290 
^  !■  15°  29'  1"  log.  sin         9*42645 

Ilour  angle  =  30°  58"  2'. 

,^  :=  Hour  angle  in  Lime,  or  apparent  time  before  noon,  2'    3"*  52*  •! 

Subtract  liour  angle  from        .         .         .         .         .  12 

Apparent  time,  a.m.  by  observation,          .         .         .  9    56  7  '9 

Equation  of  time,  additive, 9  3  -08 

Meantime  by  observation,      .....  10      5  10*98 

Mean  time  by  watch,     ......  10      6  10 

Eiror  of  wateii  (too  fest)         .         .         ■         .         .  59  *02 

2.  Ship  Admiral  at  sea,  March  5th,  1850,  at  10  o'clock,  A.  M. 
Observed  altitude  sun's  lower  limb,       ....  27°  44 
Height  of  eye  above  flie  level  sea,  16  feet. 

Time  at  Greenwich,  by  mean  of  three  chronometers         .  12'  41"  12* 

I^at.  at  time  of  obs.  north,  .....         48°  54'  00" 

EXTRACTS    FROH    NAUTICAL    ALMANAC. 

At  mean  noon. 
March  etb,  o's  semidiameter,  16'  7"*9;     eq.  of  lime,     —  11"  30'*98* 

7th,  "      ,       »  6   7-6  "        "         ~  11    16  *56 

©'a  dec.  at  apparent  noon  Gr.  (6th)       ...  5°  40'  48"*3  8- 

Diff.  for  1',  58"*20t 

Required  the  time  of  observation. 

Ans.     9'    19"   29'  '4 

3.  March  I2th,  at  4  P.M.  Astronomical  Account. 

Alt.  of  the  sun's  lower  limb, 18°  42'   40" 

'J'ime  at  Greenwich  by  mean  of  chronometers,     .         .  7*  51"  80* 

Lat.  of  ship  at  time  of  obs 41°  41'    30" 

■>  To  be  sulrttaoted  from  mean  time. 

t  The  dec.  is  of  course  diminishing  (ill  ibe  equinox  March  31b!. 
19 
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wo  APPLICATION    OF    SFilEIilCAI.    TlilGOWOMETKr 

At  mean  noon. 
March  12th,  eq.  of  time  —  9"  5D"14-  semidiam.  IG'    G'''3*^ 

"       IStL,     "       "      — 9    42*71         "         16     e 
©'a  dee.  at  app.  noon,  March  12th  (Gr.)  3°  20   11-  1  S. 

Var.  of  dec.  in  1*  is  59'*02. 
Eequired  the  IJnie.  Arts.  '       »       •. 

To  find  the  time  at  Greenwich  requires  the  aid  of  additional  data, 
I>e3ide8  those  furnislied  by  observations  made  at  the  place.  The  Green- 
wich time  may,  indeed,  be  obtained  at  once,  independently  of  any  obser- 
vations at  the  place,  by  means  of  a  chronometer,  carefully  regnlated  to 
Greenwich  time,  provided  it  be  subject  to  no  ivregulavities  after  having 
been  once  properly  adjusted.  A  ship  furnished  with  such  a  timepiece 
uiways  carries  the  Greenwich  time  with  her,  and  the  longitude  then 
becomes  reduced  to  the  problem  of  finding  the  time  at  the  place. 


Hmi'  computed  by  an  altitude  of  the  sun,  as  at  p.  2S8, 
was 9'  45-  10' 

Chronometer  showed  Greenwich  time  at  the  instant  of 
obaeiration  to  be  .         ,         .         .         .        .  0    60    20 

Uifferenee  of  lon^tude  of  the  place  of  observation  from 
Gr.  in  time, 3      5    10 

To  convert  tjmo  to  space  multiply  by  ...         .  is 


Longitude  of  the  ship  west  of  Greenwich,   .  .         4G*^  17'  30" 

The  same  method  applies  to  examples  2  and  3,  p.  SS9. 

Still,  however,  as  the  most  [jerfect  contrivance  of  human  ait  ia  subject 
to  awadent-,  and  the  more  delicate  the  machine  the  more  liable  is  it  to  dis- 
arrangement, from  causes  which  wo  may  not  be  able  to  control,  it  becomes 
highly  desirable,  in  so  important  a  matter  as  finding  the  place  of  a  ship 
at  aea,  to  be  possessed  of  methods  altogether  beyond  the  iiifiuence  of  ter- 
restrial vidssitudes,  and  such  methods  the  celestial  motions  alone  can  supply. 

The  angular  motion  of  the  moon  in  her  orbit  is  more  rapid  than  tliat 
of  any  other  celestial  body,  and  sufficiently  great  to  render  the  portion  of 
her  path  passed  over  in  so  short  a  time  as  two  or  tliree  seconds,  a  measur- 
able qaantdty  even  with  a  small  portable  instrument  (the  sextant).| 

•  In  compuling  ilie  D'a  Siiini-diBiiielor  ninl  parallns.   Fee 
ba  used,  tlie  conEequeiit  error  being  less  lliun  0"'I. 

tTHE  SEXTANT 
■3  conatruotiid  upon  iho  sania  piinciples  at'  thu  qundianl.      Ii 
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It  la  obvious,  tJiKreiijre,  tliat  If  t!i  listi.ici,  ot  tilt  inaoua  i  ntre  i  oin 
iaiiy  celestial  bodj,  in.  br  naav  Jicr  pati  be  computed  tor  anj  Greenwich 
■tjme,  and  iJiis  distaHce  be  found  the  "lame  la  tliat  gneti  by  ittunl  obwi 
Tation  at  any  place,  tlieu  the  diftcrence  betivieit  the  time  of  obsfr^niif 

litiizBii  ate  of  60",  uumbered  double,  however  for  tlia  aame  reasoD  as  i  the  quad 
rant,  or  lo  130",  called  ihe  limb,  upon  wliiob  movu  a  vernier  attathed  to  o  le  t  id 
of  an  tndsx,  ths  other  end  of  which  is  al  the  Loatrc,  of  the  aic.  Upon  lae  latter,  in 
R  directionparsllel  with  it,  and  perpeiidieulor  to  the  plane  of  the  limb,  ia  it  mitroi 
Balled  the  index  glass,  tidjustablB  by  three  Bcrews  to  purpendieulflrfty  with  tho  plaiK) 
of  the  limb.  Opposite  the  index  glass,  and  parolM  with  its  pUue  wbcii  the  iiiJe;:  n 
■at  zero,  is  aiiothei'  glass,  half  niuror  ^d  lislf  transparent,  called  the  homon  glass. 
A  small  telescope  pai-alM  to  the  plane  of  liie  limb  is  placed  before  the  hoiizon  gliBB, 
and  directed  eo  as  to  look  through  the  latter, 

Thel'o  nee  three  adjustments.  1.  To  make  ihe  index  g'kss  perpeadimlaT  lo  ihe 
ptane  of  the  limi.  This  is  done  by  moving  forward  the  iadei  lo  the  middle  of  the 
Hmb,  then  looking  with  the  nuked  eye  into  the  index  gltisa ;  if  the  pan  of  the  lunEi 
seen  by  reHection  appear  m  the  same  plane  with  the  pait  scan  direct,  ihe  iodei  gbas 
is  perpendicular  to  the  plane  of  the  tinili ;  if  not,  it  must  bo  adjusted. 

9.  To  make  llie  liorisan  glaes  perpendicular  lo  Ihe  plane  of  ihf.  limb. — The  indsj: 
glass  having  been  adjusted,  hold  the  instrument  iu  a  vortical  position,  and  being  tho 
direct  and  reelected  images  of  lite  same  object  to  coincide ;  if  this  enn  bs  •ioria 
exactly,  no  ai^justment  is  required,  but  if  one  image  appear  at  the  right  or  loft  of  the 
other,  the  homon  glass  most  be  adjusled  by  a  fcrew  ot  ECi-ewa  altathed  to  it  for  t'le 
pnrposo. 

3.  To  I/take  ihe  asis  of  the  teleacope  paralUi  la  lie  plant  af  tho  linSi. — Bring 
t!je  images  of  two  objects  which  are  mote  than  90°  apart,  lo  coiiieido  upon  one  of 
ihe  parallel  wires  in  the  leJescope,  and  thai  by  turning  the  instrnmont  in  the  liaiid  a 
little,  maliB  the  objects  appear  on  the  other  wire,  if  the  coincidence  remains,  iho 
liositiou  of  the  telescope  is  correct ;  if  not,  it  must  be  adjusted  by  the  scfows.  of  the 
ring  iulo  which  the  telescope  is  sotewed.  N.  B.  '['hare  nfe  uaually'  two  tolosoopes 
accompanying  the  eexlant,  the  one  an  inverting  or  ai^lronomieal  Ifleacope,  ani!  ilie 
other  not.  There  is  also  a  plane  tnbe  without  glares,  and  eillier  oi  the  three  may 
be  eerewad  mto  the  same  ring. 

There  nin  darkening  glasses  to  be  used  in  obscrvin"  thu  son  four  m-at  the  indo^ 
glass,  and  tlireo  before  the  object  glass.  They  ar  ed  ign,  tdO'  tlid's 
The  latter  color  is  partieulady  good  lo  take  off  ih   gl         f   h  Tl     p  1 

one  before  the  horizon  glass  may  sometimes  be  used  w  tl      d      tag    t     t  1'      IT 
glare  of  the  horizon  below  the  sun,  oecafionud  b)  tl         il    1  f    I        !  y 

from   the  small  tippling  waves,     N,  B,  The    p      II  1  f  Ih     ii  1    Ih 

darkening  glares  should  tre  tested  by  inverting  them       d    b    rt       if  h  d 

of  objects  be  preserved. 

When  die  index  stands  at  zero  the  direct  and  r  floci  d   mag       f  tl  bj    t 

Slight  to  coincide.    If  not,  there  is  tnifez  error,  Ih  fwh   hadttm   ed  by 

observing  how  far  the  index  stands  from  icro  when  Ih  d  t  1  H  t  4  m  ges 
I'oincidc,     The  bi'.El  mode  of  deretminiug  tho  ind  ^i  th    d    m 
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tUu  plienjiu  uoii  iiid  tK  timi,  at  Wrcmwioh  vihaa  it  was  prcd  (,teU  tu 
iiappcQ,  wil!  give  the  longitude  of  the  plicc  of  obaenation  Now  in  tho 
Kantical  Almanac  th(  distance''  of  the  moon  tr  m  the  sun  ml  from 
aeverfll  of  the  fixed  stiis  note  her  path,  are  t,i>Gn  tir  ov  ry  three  ho  in  of 
apparent  Greenwidi  time  and  toi  wveral  years  to  Cume  and  the  Green 
wich  time  corrcsjonding  to  iny  intermediate  distance  la  obt.iinab]e  by 
simple  proportion ,  bo  th««t  by  roe-ms  of  the  Nautical  Almativ  we  maj 
always  determine  the  time  at  Greenwich  when  any  distance  observed  at 
sea  was  takeni*  (See  Nautical  Almanac,  pp.  XUI.  to  XVIII.  inclusive.) 
The  distances  inserted  in  the  Nautical  Almanac  are  the  true  angular 
distances  between  the  centres  of  the  boiMes,  the  observer  being  considered 
as  at  t3ie  centre  of  the  earth,  and  to  the  true  distance  therefore  every 
observed  distance  must  be  reduced;  it  is  this  reduction  which  eon- 
atitnt^  tjie  trigonometrical  difQculties  of  tbis  problem.  And  it  consists  in 
clearing  the  lunar  distcmce  from  the  effects  of  parallax  and  refraction  ; 
how  to  do  this,  it  is  now  our  busiuess  io  explain. 

tsr  of  the  sun  by  moving  the  index  bolli  forward  and 
gradnnted  a  ahoil  dislanes  bahind  the  zero  for  iha  piirpoEi 
the  two  itienaurea  will  he  the  index  error. 

To  meaaare  an  anjle  with  the  seMaat,  hring  tho  two  objects,  the  line  joining 
which  subtends  &e  angle,  the  one  aa  acen  direct,  and  tho  oriier  by  lefleolion,  to  coin- 
cide, by  holding  the  instrument  so  that  (he  plane  of  the  limb  passes  through  them, 
and  moving  the  index  forward  ;  tho  reading  shown  by  the  indej  will  be  the  angle 
requited. 

*  The  ptoportiun  would  run  thus  :  As  the  difletenee  between  two  lunar  dialanoeH 
given  in  the  Almanac,  tho  one  greatar,  the  odier  less  than  that  observed  wilh  the 
Kexlanl,  is  to  3  hours,  so  is  the  difTorenoe  between  the  distance  observed  wilh  the 
aestant  corrected  for  refraction,  &-e.,  and  one  of  thoee  in  the  Aim.,  to  the  difference 
between  the  time  of  observation  and  the  lime  given  by  the  Almanac  corresponding 
to  tho  latlar  lunar  distance.  The  Nautical  Almanao  gives  the  proportional  loga- 
rithm of  tho  quotient  of  tho  first  term  of  the  above  proporliou,  divided  by  the  second 
term  which  is  constant,  vi^.,  three  bouts.  If  tho  distance  between  the  moon  and  a 
star  increased  or  decreased  nniformly,  the  Greenwich  time  corresponding  to  a  given 
distance  would  be  atriolly  correct ;  but  an  mspection  of  the  columns  of  proportional 
logarithms  in  the  ephemeris,  will  allow  that  this  is  not  the  caae.  A  correction  for 
second  diSerences,  or  for  the  irregularity  in  the  lunar  distances,  must  therefore  be 
applied. 

At  page  6(a  of  the  Nautical  Almanac  for  1850  is  given,  besides  the  oi-dinary  mlo 
and  an  example  under  it,  a  full  explanation  of  the  method  of  employing  a  table 
contained  in  the  Almanac  for  computing  the  correction  on  account  of  second  diiier- 
tnees  in  finding  the  Greenwich  time.  The  theory  of  second  differences  has  been 
given  (Algebra,  An.  335).  At  the  scientific  meeting  in  New  Haven,  August,  1850, 
Prof.  Chanvonel  of  the  U.  S.  Naval  Academy  prasented  improvements  in  tlte  formului 
and  tables  fo(  lunars,  which  it  is  to  be  hoped  will  be  perfected  and  published. 
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Let  m,  s,  be  the  oljserved  places 
of  tlie  moon  and  sun,  or  of  the 
raoou  and  a  fixed  star,  and  let  m, 
B,  be  their  true  places.  M  will  be 
above  m,  because  tbo  moon  is 
depressed  by  parallas:  more  than 
it  is  elevated  by  refraction  ;  but  e 
will  bs  below  s,  becanse  the  sun 
is  more  elevated  by  refraction  than 
it  is  depressed  by  parallax.  Ob- 
servation gives  the  apparent  dis- 
tance ms,  and  the  apparent  zenith 
distances  zm,  zs  :  by  applying  the 
proper  corrections  to  these  latter,  we 
ZM,  za,  and  with  these  data  we  are  to  determine  the  true  distance,  i 
computation. 

Put  d  for  the  apparent  distance,* 
D        true  distance, 
a,  a         apparent  altitudes.* 
A,  a'       true  altitudes. 

Then  in  the  triangle  mzs  we  have  (Art.  82),  r  being   1, 
and  in  the  triangle  wzzs 


also  deduce  the  true  zenith  distances 


hence,  for  the  determination  of  d,  wc  have  this  equation,  \ 


from  which  we  immediately  get 

cos  D  =  (cos  d — siu  a  sin  a')  ■  ■-■■■■■  ■■  -7+  sin  a.  sin  a' 

"  In  observing  d  with  the  sextant,  it  ia  the  neircal  point  of  the  limb  of  the  moon 
which  ia  made  to  ooincida  with  the  other  heavenly  body,  and  in  observing  o  with  the 
quadrant,  it  is  the  limb  also  which  ia  made  to  coincide  with  tho  horiiou  ;  ao  that  d 
and  a  must  be  coriecled  for  the  eemidiamstei'  of  (ho  moon  ;  Biaiilur  remarks  apply  la 
lliesua,  if  lio  be  the  other  heavenly  body. 

t  Observe  that  i  and  a'  aie  the  complements  ol'  iJi  and  za. 
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'uJiit  iXii  0  <iOi  a'  — aio  a  siii  a  =  co«  (a  +  a')  Art.  '70  ;  transposing 
U08  a  cos  a',  and  aubstitiitiag  the  valuo  of  —  "in  a  sin  «'  thus  obtaiiiftd', 
we  hiwe 

Dividing  tiio  Inst  term  of  tlie  numevator  bj  the  denominator,  the 
cjuotJent  is  —  1 ;  then  observing  that  —  cos  a  cos  a'+  sin  a  sin  a'  =; 
—  cos  (a  + a')  and  that  cos  rf  +  cos  {a  +  a')  =  3  cos  ^  (a -|- n  + 1^ 
eos  I-  (a  +  rt'  ~  d)  Art.  83,  we  have 

00,1,  =  ^-'^±(l±^;+i>J^iiEEi-:^b.'^^^„,os(A+A')(i) 


1.  Siipposo  the  apparent  distance  between  the  centres  of  tlie  sun  am\ 
moon  to  be  83°  57'  33",  the  apparent  altitude  of  the  moon's  centre  2T° 
34'  5",  the  apparent  altitude  of  tlie  sun's  centre  48°  27'  32",  the  true 
altitude  of  the  moon's  centre  28°  20'  48",  and  the  true  altitude  of  tlie 
sun's  centre  48°  26'  49"  ;  then  we  have 

d  =  83°  57'  33",  a  =  27°  34'  5",  a'  =  48°  2T  32" 
A  =  280  20'  48",  a'  =  48"  26''  49'  ; 
and  the  computation  for  d,  by  fornutla  (1),  is  as  follows ; 

d     83°  57'  33" 

w     27    34     5  ar.  comp.  cos  052339 

a'    48    27  32  ar.  comp.  cos  17838.1 


2)159  59   10  log.  2     301030 

ai:m                   79  ,J0    3,'',  cos  !)'239969 

sura  ~d          3  57   58  cos  0'9989S9 

A          28  20   48  cos  9*!)44527 

a'        48  26  49  cos9'82l7l9 

{Reject  40  from  index)         r-53e020  =  log.  -344202  -f 

A  +  a'     76    47   37  nat.  cos  •2284C0 

True  distance  83"  20'  54''  nat,  cos  •11D832 

J  glancing  at  the  foiTnula  (l),  wo  see  that  30  must  oe  rejected  from 
ium  of  the  aboio  coluiim  of  logarithms,  to  wit,  20  for  the  two  ar. 
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comp'.  and  10  fo  n  vh  cl  bu  t !  f  oducp  1  nto  tl  detiom  nator  m 
order  to  recde  the  xj  e=*,o  ho  nog  eous  sotljt  the  loga  thm  c  Ine 
re^ultjng  from  the  i.roce>*  s  9  53692e  Hoy  ia  n  tl  e  table  of  log 
sines,  log.  cosd  s  &t  tlie  ralus  s  s  [posed  to  be  It  of  wli  ch  flia 
log.  is  10,  and  ti  e  talle  of  n  tural  s  nea  cos  a  &;e  the  al  is  1  of 
which  the  log  s  0  t  folio  vs  tl  t  hen  we  wish  to  fi  1  by  I  elp  of  a 
table  of  the  loga  tl  ras  of  number  tl  e  nat  r'il  tr  ^onomet  ical  1  ne  cor 
responding  to  }  lo^inU  ni  c  one  c  m  ?t  d  n  si  th  latter  by  10 
and  enter  the  tnble  with  th  m'i  a  !er  Henco  the  su  n  of  th  for  go 
column  of  iogor  1  ma  must  b  Inn  led  ly  40  in]  the  ren  a  nder  mil 
be  tmly  tlie  logarithm  of  the  natural  nnmber  represented  by  tlie  first  ternt 
ill  the  seiond  number  of  the  equation  (l).  If  this  natural  number  be 
lesB  than  nat,  cos  (a  +  *'),  which  is  to  bo  subtracted  from  it,  the  remain- 
dor  will  be  negative,  in  which  case  n  will  ba  obtuse. 


114.  We  shall  conclude  this  p^rt  of  our  subject  bj  briefly  lon'-idum^ 
the  methods  of  finding  the  varialjon  of  the  compass,  ■  i  ihe  quantity  b) 
which  the  north  point,  as  shown  by  tlie  conipans,  lines  easteily  or 
westerly  from  the  north  point  of  the  horizon 

The  solution  of  this  problem  merel}  icijunes  that  ne  find  by  computi 
tioii,  or  by  some  means  independent  of  tlie  compasi,  fht  beannr/  of  a 
celestial  object,  that  we  observe  the  baanng  bj  the  compiss,  ind  then  take 
the  difference  of  the  two.    The  problem  resohes  itaelf,  therefote,  mto 


two  eases,  the  object  whose  bearing  i- 
or  above  it :  in  the  one  case  we  hwi 
the  other  its  azimuth. 

The  computation  of  the  aniplitude 

is  simply  determining  the  hypothe- 

f        1 1       1  dt      gl  f 

1    h  sd  g     n  th 

bj    t,  a.    1 


jught  being  eithci  m  the  hoiiaoi 
mpute   it,,   amplitude   md  n 


I 


PP 


col  tt  1  Th        mput-ti  n 


f       111     ph     1 

tn 

th    tl          desl      g  8 

t 

an   a  „Ic  ,    tl      th       f, 

are  the  colatit   1         tl 

il 

ih    1   t     ce  of  the  object 
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distance  I's,  and  the  aamuth  being 
measured  by  the  angle  al  the  zenith  z, 
opposite  the  potar  distance,  this  is  the 
angle  sought.  We  shall  ^ve  an  exam- 
ple   in    each   of   these  eases    of    the 


rSIGONOMETfiT 


1.  In  Jamiiiry,  1830,  at  latitude  21° 
S0'  N.,  the  I'ising  amplitude  of  Alde- 
bsran  was  by  the  compass*  E.  23°  30'  N. ;  required  the  variation. 

From  the  Nautical  Almanac,  it  appeara  that  the  declination  of  Alde- 
baran  at  the  givea  time  was  16°  9'  37"  N.,  therefore  since,  by  Napier's 
rule,  Ead.  X  sm  dec  =  sin  wp  X  cos  lat^  tlio  computation  is  as  follows : 

»]n  lechnation  16°    9'  31"  9-44455 

cos    lattude2"    30  9-94753 

sin  imphtud    E  18    18   17  N.  9'49702 

Magnetic  amplitude  K  23    30     0  N. 
Vaiiafion    5     11    43  E 


As  the  object  is  ferther  from  the  magnetic  east  than  from  the  true  east, 
the  magnetic  cast  has  therefore  advanced  towards  the  south,  and  there- 
fore the  magnetic  north  towards  the  east ;  hence  the  variation  is  5°  11' 


3,  In  latitude  48°  50'  north,  the  true  altitude  of  the  sun's  centre  Wiis 
22°  2',  the  declination  at  the  time  was  10°  13'  S.,  and  ita  magnetic 
bearing  161°  33'  East.     Required  the  variation. 
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e's  polar  distance   100°  12' 

sin  zenith  distance     67    68  m- 

.  comp.  0-03294 

sill  colaljtucio     4]     10  ar 

.  comi).  0*18161 

2)209     20 

i  s,      104    40 

sill  (^B.-i:en.  diet,)          36    42     . 

,     .     9*77ti43 

sin  (-^3.  — cokt.)         e.T    30     . 

.     .     9-951'J9 

2)19-9427T 

sin -J.  aaim.  69°  2o'  40'   . 

.     .     9-97138 

®'s  true  azimutii  N.   138     51    20  E, 

observed  azimuth  M".  161    32     0  E. 

Variation   22     40   40   West. 

I'lie  variation  is  west,  because  the  sun's  observed  distance  from  the 
norOi,  measured  easterly,  being  greater  than  its  true  distance,  intimates 
that  the  north  point  of  the  compass  has  approached  towards  the  west. 

8.  In  latitude  46°  20'  north,  the  star  Bige!  was  observed  to  set  0°  50' 
lo  the  northward  of  the  west  point  of  the  compass ;  roquired  the  vaiia- 
IJon,  the  declination  of  Kigel  being  a°  26'  8. 

Viiriatioii,  22°  33'  West. 
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APPENDIX  TO  PART  V. 


Si.'avBiily  bodies  is 

THE  CIRCLE  OF  REI'LECTION* 

This  instrument  ia  conelruoled  on  tho  same  prinoiplea  as  ihe  sextant,  the  only  dil- 
fBiisnoe  being  that  the  circle,  as  its  name  impoils,  liaa  a  limb  which  is  a  oomplets  eir- 
inimforence,  nieassriog  on  tlie  doubUng  principle  of  optics  ali'didy  explained  720'' 
i)aiaa6  of  SGQo. 

By  hiiving  two  vemiuta  180"  aparl,  tlio  inslrument  corrects  ils  own  eccsntvicity 
and  by  having  three,  as  in  Tronghton's  eonslruolion,  for  em>r  of  figure  and  diviaon, 
to  sonic  cjctenl  also.  By  reversing  the  face  of  (he  instrument  the  angle  utay  be 
tskoii  on  what  is  called  the  oK  arc,  that  is,  on  the  other  side  of  tha  zero.  This,  by 
Inking  the  mean,  coirecls  lor  index  error,  so  thnl  with  three  verniers  six  readings  may 
be  obtained  for  one  angle. 

Dolland's  circle  has  an  inner  movable  cirelo,  with  a  veniiorupon  it,  in  consequence 
of  which  it  admits  of  the  repeating  process  oxplainad  far  the  theodolite,  at  p^  S43. 

Tlie  horizon  glass  and  teliEcope  are  attached  firmly  to  the  inner  movable  eiroie, 
wiiich  has  a  clamp  screw  and  screw  of  slow  motiou.  Tho  index  glass  is  attached  to 
]in  arm  which  moves  freely  aroand  the  centre,  and  is  uncunnected  with  the  inner 
circle,  telescope  and  horizon  glass.  This  arm  lias  a  vernier  and  screw  for  clamping 
ii  !o  the  outer  circle,  nod  a  screw  of  slow  motion. 

The  repeating  process  is  condnclod  as  follows:  Place  tho  loro  of  the  vernier  of 
Ihe  inner  eirele  elamped  acoutalely  at  790°  on  tho  onter,  and  move  the  free  index 
carrying  the  other  vernier  forward  until  the  two  objects  are  brought  in  contact,  as  in 
obfcrving  with  the  sextant.  Leaving  this  index  fast  to  the  limb,  unclamp  the  innsr 
circle,  which  carries  the  telescope  and  horizon  giais,  and  move  it  forward  also,  not 
merely  by  the  same  amount,  which  would  bring  back  the  horizon  glass  to  parallelism 
ag«io  with  the  indes  glaEs,  bnl  move  it  twice  the  angular  distance  necessary  for  this 
jiiirpose  ;  the  horizon  glass  will  now  be  inclined  to  the  index  glass,  just  as  much  as 
when  the  free  hides  was  Erst  moved  forward  to  produce  the  contact  of  the  objects, 
but  the  inclination  will  be  the  other  way.  The  contact  may  again  be  produced 
ijctween  tlio  objects  by  the  tangent  screw  of  the  inner  circle,  the  telescope  being 

:  '  Angles  in  any  plane  moy  be  observed  with  the  Circle  of  Reflection  as  with  the  ' 
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proaaiited  to  llie  ulhar  objecl  if  the  face  of  iho  circle  bi;  comiiiued  one  way,  but.  lo  l!ie 
same  object  if  the  face  of  the  circle  be  reveKod.  Tbe  reading  now  of  the  vernier 
nltachad  to  the  inner  eirole  would  be  twice  the  augle  between  the  objects.  If  now 
the  free  indei  be  nioyed  forward  a  distance  equiil  to  the  angle  between  the  objects, 
lbs  horizon  and  index  glasses  will  be  parallel  again  ;  and  if  it  be  moved  forward  still 
further  by  the  eanne  smount,  the  glasfes  wil!  be  inclined  to  each  other,  esactly  as  at 
Itrat,  and  the  contact  of  the  objects  may  be  made  with  the  Bcrew  of  slow  motion 
attached  to  the  free  index,  the  face  of  the  circle  being  as  at  first.  Again,  the  iimi;r 
flircle  ia  to  ba  moved  forward  as  before,  over  twice  the  angle  between  the  objects,  the 
taee  of  the  circle  being  inrerted,  the  lele^ope  directed  always  to  one  object,  and  the 
contact  made  with  the  screw  of  slow  motion  attached  to  the  inner  circle.  The  pro- 
cess above  described  is  to  ba  repeated  until  the  vernier  of  the  inner  circle  approachc 
near,  or  is  a  little  past  the  720  point  agam.  The  reading  at  which  it  stands,  dividci) 
by  twice  the  nnmber  of  times  that  tlie  mner  circle  has  been  moved  forward,  will  give 
the  angle  subtended  by  the  two  objects  corrected  Ibr  all  errors  of  division,  oetitcring 
and  observation.  If  the  angle  between  the  objects  be  changing,  as  is  often  the  cn-e 
with  celestial  objects,  the  times  of  each  contact  of  the  object  should  be  noted.  The 
sum  of  the  times,  divided  by  (he  number  of  contacts,  will  be  the  mean  time  oorref- 
ponding  to  the  mean  angie  obtained,  as  ali«ady  described.  The  Sextant  ami 
Reflecting  Circle  are  used  for  taking  altitudes  on  land,  by  the  aid  of  a  basin  of  mot- 
cury,  called  an  artificial  horizon.  Tlie  telescope  is  presented  to  the  reflected  image 
of  tlie  sun  or  other  heavenly  body,  seen  in  the  tiieroury,  and  the  angle  between  this 
and  the  sun  in  the  heavens  mcasarcd  by  moving  the  Index  forward.  This  angle  will 
be  double  the  altitude  of  the  sun. 

The  following  example  of  an  observation  of  the  altitude  of  the  sun  for  time  will 
illustrate  the  mode  of  u^ng  this  instrument. 

Observation  willi  Repeating  and  Reflecting  Circle,  and  Box  Chronomeler,  of  the 
sun's  lower  limb. 


117°  3fi'  10"  Vernier  readinj 


2(29"  33. 

'■  30 

00-5 

"  30 

19 

"  30 

43-5 

"  31 

06.5 

!.    •■    31 

34-.'; 

"  31 

59-5 

•'   32 

15 

"  33 

36 

"  33 

55-5 

10)313 

03 

a*3I"18"3 

The  mean  of  the  angles  being  41°  59'  48"'5,  and  of  the  times,  a*  31"'  18"3,  tba 
former  is  tlie  apparent  altitude  at  the  instant  expressed  by  the  latter,  with  no  eirot 
of  eicentricily  or  graduation,  and  a  probable  error  of  observation  ,',  that  whiok 
would  have  been  obtained  without  the  repeating  process. 
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VARIOUS  MODES   OF  DETERMINING  LATITUDE. 


The  dats  for  this  problem  ate  the  deoIinatioQ,  iJio  allilude,  and  the  hour  ang^e. 
We  have  IhiiB  [hreo  eloniouts  of  the  triangle  sfz  (p,  296),  viz.,  sf,  sz,  and  llie  angle 
p,  known,  to  ealeulate  a  fourth.  This  method  requiiea  an  accurate  knowledge 
of  the  time. 

If  the  latitude  be  known  nearly,  which  it  generally  is,  by  meana  of  the  dead 
reckoning,  it  may  he  aoeutatsly  found  ss  foilowa.     From  (!)  of  Art.  73  we  have 

whieh  substituted  in  the  formula  deduced  at  Art.  3S,  written  thus 


Hub3lituting  in  (3)  the  eidcs  and  angles  of  ZFS,  calling  the  polar 
dist,  {,  and  the  colatitudo  >,  that  equation  becomes 


But  if  ('  denote  the  mBfidian  zenith  distance  of  the  heavenly  body 


cos  f '  =  coa  ;  4-  a  eiii  ,  Bin  X  sin=  i  f  (6) 

ihe  foimuJa  for  use  in  which 

f  ia  meridian  zenith  dist. 

i  is  obsersed  zenith  dist. 

IT  is  polar  distance  of  the  object  observed. 

X  is  the  appro]<imate  colatitude. 

F  is  the  hour  angle. 

TIjc  use  of  formula  (6)  ia  facilitated  by  Table  XXIIL,  commencing  p.  154  of 
fiowditoh's  Navigator,  entitled  log.  rising,  in  which  log.  3  sin'  J  p  is  calculated  for 
every  value  of  the  hour  angle  p.  To  this  ii  is  only  neee^ary  to  add  the  logarithms 
of  the  sines  of  the  polar  distance  and  approximate  colatitude,  and  we  have  the  dif- 
ference between  the  obaerved  and  meridian  altitndea,  or  the  correction  to  be  applied 
to  the  former  to  obtain  the  latter,  from  which  the  latitude  is  calculated  as  at  p.  330. 

A  formula  may  be  derived  from  either  of  the  forms  (b)  iif  Art.  8G.  AppUed 
iifler  clearing  of  fractions  to  the  present  triangle  it  becomes 

sin'  i  T  Bin  n'  ein  X  =  sin  i  (J  +  *  — ')  ^in  i  (J  +  -^  -  W 


K-,.t9<ibyGoogle 


303  Ai-pEsDix  V. 

which  will  soiue  to  diitEimino  ^--i',  the  aorrectioii  foi  iha  ?,< 
eeeona  mombor  tlieviiiue  of;'  be  used,  which  would   be  giv 


If  the  heavonly  body  be  near  tha  moridian,  F  and  { —  {'  will  be  very  Email,  and 
writing  the  small  arcs  in  place  of  their  sines,  to  whioli  they  are  sensibly  equal  (7) 
becomgs  (cDnsidering  f  =i  j'  in  tlie  second  member) 

1  (!-!')  =  *»•  ■"•■"»«•=!'  m 

in  which  ihe  value  of  die  firai  member  ia  expreased  in  terms  of  thii  radius  as  uniiy. 
To  express  it  in  EHConds  of  arc,  im  value,  as  well  as  that  ot  p  inust  be  divided  by 
the  rare  of  1",  wliich  may  be  regarded  ne  the  length  of  I",  in  terms  of  radius  as 
unity.     (3)  tiius  bouomia,  Btriking  out  at  tlte  same  time  the  common  faetoi   ^— — -- 

in  which  f  —  ('is  itxpiessed  in  seeonds  of  arc,  as  is  also  r  the  hour  angle.      V.  p 
denote  tiie  hour  angle  in  lime,  15f>  most  bo  substituted  for  F,  and  (9'»  becomes 
9S5b' 

The  value  of  f  —  ('  for  the  same  station  and  star  being  proporUonal  to  p',  if  ii 
were  calculated  for  a  value  of  p  :=  1"',  it  might  be  found  for  any  other  value  of  j;, 
by  multiplying  tiiis  by  p'  in  minutes  of  time.  Table  XXXIl.  of  Bowditoh's  Navi- 
gator contains  values  of  f —  f  for  p  =  1"  for  all  latitudes  and  all  declinations  l«<s 
than  Ui°,  so  thai  entering  this  table  with  the  docliuatioii  of  the  star  and  proximate 
latitude  of  the  station  as  argatneiits,  ihe  number  taken  from  the  table  multiplied  bS 
the  square  of  the  hour  arigle,  in  minutes  and  decimals  of  time,  which  is  given  in  Tab. 
XXXni.  of  Bowditch,  for  every  value  of  p  up  to  IS",  vril!  produce  the  correction 
to  be  applied  to  tha  observed  altitude,  to  obtain  the  meridian  altitude. 

i~^'  may  be  calculated  more  accurately  by  means  of  a  table  (Tab.  XXXVI.), 

adapted  to  formula  (9)  above,  in  which  -^  is  equal  to  the  veised  sine  of  r,  as  may 
be  seen  by  referring  to  (9)  on  p.  94,  from  which,  using  only  two  terms  on  account 
of  the  smallne^s  of  f,  wo  have 


T^Io  XXXVI.  gives  vers  f  and  the  arithmetical  complement  of  the  logarithm  ol 
ihewn  l"i3  9'3144. 

K.  B,  The  correction  f  —  ;'  is  auhtractive  from  (  ibe  observed  zen.  diet,  to  obtain 
{'  the  merid.  zcn,  dist.  or  it  is  additive  to  the  observed  altitude  to  obtain  meridian 
altitude. 

If  several  altitudoe  or  zenith  distancas  were  observed  near  the  meridian,  and  each 
reduced  to  the  meridian  by  the  above  farmuk,  the  mean  of  the  latitudes  thenee 
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derived   woLiId   bo  ikii  Iruu   Ictiiudc  more    lii^aily  i:i  proiigi 


GutlhemHimor  ihevalaas  for  (  —  f,  obtained  from  (10),  fiinca  fureaoh  ihe  qiia.i- 
tlties  entering  into  (10)  are  the  same  oxeept  p",  muy  bo  obtained  by  taking  the  mean 
ot'  tbo  tulnoa  of  p',  and  multipiying  Ihis  by  the  conalflul  factOR?.  And  if  tlio  mBflU 
of  tbe  values  of  f  —  f'  bo  flubliacted  from  ihe  mean  oi'  the  values  of  f,  the  same 
latitude  will  reauU  as  if  the  laUtude  were  calculated  for  eacii  obaBrved  zenith  dis- 
tance, nnd  tlie  moan  of  oU  the  latitudes  lakoii,  but  with  m'lch  \e^s  computation. 


Observed  oircuni -meridian  altitudes  of  ©s  Iowa-  liniii,  at  head  of  Uppor  M 
ligougifJie  Lake,  latitude  about  48°,  July  34tli,  ISJl,  with  Repeating  and  Reflcoti 
Circle,  Ar^lioial  Horii 


U'    09  55*5 
10  31 
10  47 


Voinior  Reading       19°  Sfi'  30"  i.:e;m     a  -K,  !3 

i  —  i'  forpsl^iii  lal.48o,dee.  iil", Tabic XXXII.  9"-« 
;  —  ^' for  mean  of  hour  nnglea:=product  r>"*S 

Tlie  times  in  the  first  column  above  are  the  in^timts  of  contact  of  tliO  images  as 
tjiiporved  with  the  reflecting  circle,  necording  to  the  method  described  nl  p.  300. 

The  numbers  in  the  2d  column  are  obtained  by  subtrnctJHg  those  of  tlie  first  from 
11*  19"'  4S"I,  the  tune  at  which  the  suti  is  on  the  meridian.  The  numbers  m  the 
3d  column  are  the  squares  of  those  in  the  9d,  KcpiesEed  in  minutes  and  tenths.  The 
mean  of  the  values  of  p'  is  2"'05,  which,  multiplied  by  2"*G,  the  value  of  J  —  5' 
lat.  48"  and  dee,  1!!",  gives  5"*3,  the  eorrcetion  required,  by  which  the  mean  of 
[he  ebserved  altitudes  ie  to  be  incieased,  to  produce  the  meridian  allitudo. 

The  fontlh  colnmn  is  for  another  mods  of  oompnlnlioo,  iho  numbers  m  h  being 

■  ThiB  of  course  depends   on   the   equation    of   time,   and   the   error   of  the 
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ifiheii  from  Tab.  XXXVI.-  Tho  computation  of  forrtiuk   [9)  liy  the  aid  of  thin 


Mpiq  of  ve 

s.      24        log- 

1-3787 

Lititude, 

48°    8'    log.  CO 

9-8343 

Decluialion 

19    10     log.  CO 

9'9753 

Zenith  Diat 

,  29    12     log.  00 

ec   0-3116 

Constant  1 

ar.  CO.  log,  sin 

9-3144 

Correolion 

'-J5"-06Iog. 

0-7043 

The  reading  of  the  vernier  at  the  end  of  llie  observations  19°  36'  20"  was  after 
two  complete  revolutions  of  the  circle ;  therefore  the  whole  angle  passed  over  ia 
obtained  hy  adding  this  to  1440°  =  twice  730°,  and  tho  double  allituda  is  obtained 
!>y  dividing  this  by  twice  the  number  of  times  that  the  inner  eirele  has  been  moved 
forward,  or  by  the  whole  number  of  eontaols  of  images,  In  this  case  13. 
19°  S6'  20" 
1440 


13)1459 

2G  39 

Double  altitude, 

131 

37   11-7 

Altitude, 

GO 

43  35-85 

5-06 

15   46-4 

61 

4  27-31 

Refraction— Piirallax 

—  25-40 

Cotatitude, 
Latitude, 

The  following  method  of  determining  the  JaliladB  by  means  of  three  nilitudea 
taken  near  the  meridian,  has  been  given  by  Mr.  Littrow,  of  Vienna. 

Let  A  be  the  first  observed  altitude  corrected  for  dip,  refraction,  parallai,  and  semi- 

diametjir,  and  t  the  time. 
1  -f-  "  t''^  second  observed  altitude,  corrcctud  also,  and 
T  •]-  f  the  corresponding  time. 
1  -4-  a'  tho  third  altitude,  and  t  4-  f  tlie  time. 

Let  a' be  tho  meridian  altitude,  and  T  +  i'tiie  eorrespondiug  time.  Then  llui 
varialions  of  the  altitude  near  the  meridian  being  as  the  Mguares  of  the  vurintions  of 
the  hour  angle  nearly,  we  have 

ar'!=(*'  — A)  (3t'(  — O  (1)- 

Similarly  b't"  =  (a'  — A)  (St'C  — i") 

a         2t'(  — *!                                 af'  —  a'l' 
By  division  — ,  =  ^:   ■,  ■ — j^- and  .-.  t'^^ — ^ 77-  (2) 

And  ftom  (I)  A'  —  A  =  K-^—7i  (3) 

•  For  a  labia  which  gives  the  rnlue  of  the  whole  iiaclion  in  C9)  and  (10),  un 
Lee's  Tables  and  Foirnulte,  p.  64,  Far!  Ml, 
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From  (2, -.11*7  i6  ooiamed  the  value  of  t',  which  added  to  t  gives  t  +  t',  the 
time  when  the  object  ohaerved  was  on  the  meridian,  and  from  (3)  may  be  obtained 
the  value  of  i'  —  i,  and  hy  adding  A,  the  yaluo  of  i'  the  meridian  altitude  beeonrea 
known,  from  which  the  latitude  is  to  be  computed  as  at  Art.  HI.    ■ 

Determinalion  oj  Laiilude  by  aa  Altitude  of  the  Pole  Star  out  oj  the  Meridian. 

Let  P  tns  the  polo,  z  the  zenilli,  and  consequently  pa  the  moridiaii  ; 
A  the  place  of  (tie  pole  star  at  tlie  time  tliat  ilH  altitude  n  i? 
otiserved.  Denoting  its  polar  distance  tx  by  n,  drawing  the  arc 
Ao  perpendicular  to  ek,  expressing  Fo  by  y,  and  the  hour  angle  by 
p,  in  the  right  angled  triangle  Pio,  which  may  be  regarded  m- 
plane  from  being  bo  email,  we  havo '  * 


In  the  right  nngled  triangle  aio,  ka  and  KO  are  nearly  equal ; 
denoting  th«ir  difference  by  s,  WO  have  zo  =s  90  —  a  —  x,  and  by 
Napier's  rules,       ' 


Bus 

m(,+  .)=.inira<.  +  .o.  »m.=«n  .+i.«  .       (2) 
since  cos  k  =  1,  and  sin  a;  =:  K  because  i  is  so  small.     Also  [p.  94  (2)] 

cos  (^  sin  I.)  =  1  -  i  T=  sin^  ;,  (3) 

Unituig  (2)  and  (3),  (1)  becomes 

sin  a  =  (sin  o  +x  cos  a)  (1  -  J  ^  sinV) 

Performing  the  multiplication  indicated  in  the  second  member,  and  omitting  the 
lenn  i  xj?  oos  a  ain  y  on  account  of  the  sraallneas  of  the  quantities  x,  n,  and  p 
we  deduce 

But  in  the  right  angled  triangle  fao 

And  {p.  94,  note), 

tan.  =  .  +  i.-^ 
Also,  (p.  95,  note). 
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Denoting  the  latitude  required  by  A,  it  is  evident  (see  second  note,  p.  383),  ihaT 

,-.  X  =  0  —  ,r  ooa  p  +  i  tS  tan  a  9in»  J)  —  J  (>■  eosp)  (^  sin  j,)"  (4> 

To  havo  X  in  seoonda  fiit  are  we  muBt  aubBtitute  tot  \,  \  sin  1",  niid  for  ^, 
a  sin  1".     Thus  (4)  becomes,  ailer  dividing  by  aiu  1" 

A  =  D  — «  COSP+ J  sin  l"i=  lan  a  wx'p-iBm'  V  (^  cosp)  {„  sinp)»     (5) 
log.  Jain  1"=    6-3845449 
Jog.  i  sin"  l"=:r9'894U285 

Formula  (5)  is  that  upon  which  ^e  rule  p.  GiD  of  the  Naut.  Aim.  of  1850  is 
founded.  The  iirgumenl;  for  the  first  correction  —  ir  cos  p,  in  the  formula,  of  the 
observed  altitude,  necessary  to  be  applietl  to  obtain  the  allilude  of  the  pole  equal  te 
the  latitude  of  the  piece,  is  the  aiderial  time,  upon  which  p  or  the  hour  angle 
evidently  depends,  the  declinatien  being  regarded  as  constant.  There  wili  be  two 
arguments  of  thesBOond  correction  J  iS  tan  o  ain' jj  —  {  (i  coaj))  (ir  sin  ji}' to  wit,  the 
siderial  liine  and  the  altitude.  The  third  correction  is  the  clinngo  in  the  value  of  tlia 
first,  — IT  cos  p,  which  alone  is  of  sufficient  magnitude  to  be  sensibly  afiected  by  the 
change  in  the  right  ascension  and  declination  of  the  pole  star.  Denoting  the  changes 
by  da  and  di,  the  change  in  — i  cos  p  occasioned  by  the  latter  will  evidently  be 

and  that  ooeasioned  by  the  former  da  will  be 

—  ^(cos(p  — i/a)  — cos  p)=~rr3:n  (/a  sin  jj=  — Waan  I'sinii 

as  will  be  aeon  by  developing  cos  (p —  da),  and  making  cos  da  ^  I  on  account  of  the 
smallness  of  da.     Or  the  above  espreasion  may  be  written 

5380  X  0-000073  d^isAn  p  =  0-4  da  sin  p 

The  third  eotreetion  is  sometimes  positivo,  sometimes  negative,  but  always  leaa 
than  1',  and  tiiereforo 

!'  -}-  the  thiitl  coiTcetion, 

which  is  iho  quimtily  given  in  the  table  in  the  Naut.  Aim.,  is  always  positive,  and 
hence  the  necessity  of  aubtraoliug  1'  according  to  the  rule  given  in  that  wotk.* 
The  instrument  employed  for  measuring  altitudes  in  a  fixed  observatory  i? 


10  called  because  it  is  sustained  against  a  wall  about  four  fuel  thick,  and  wide  and 

•  The  above  method  of  finding  llie  latitude  is  BO  convenient  as  to  he  worthy  of 
particular  attention.  It  is  not  confined  to  any  precise  iiour,  as  is  the  case  with 
meridian  altitudes,  but  may  be  employed  during  the  whole  night,  whenever  the  pole 
star  is  visible.  An  oflioer  of  the  British  Navy  has,  by  means  of  it  and  a  quadraut  with 
a  spirit  level  attached,  the  horizon  being  invisdble,  been  able  to  run  I)is  frigate  boldly  up 
the  English  Channel,  at  the  rale  of  eleven  knots  an  liour,  in  a  dark  squally  night, 
which  allowed  only  occasional  glimpses  of  the  pole  star  between  flying  clouds. 

Captaia  Porter,  U.S.N,,  is  m  the  habit  of  running  his  steamer  along  the  Floiida 
Reek  by  the  same  means. 
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;li  cnoii^li  to  allow  ample  epice  f 
diatneler  The  graduation  is  ik 
of  wbicli  19  noimal  t 


>  360 


1   ih 


eix  microaeopes,  pointing  towirds  tl  g 

dualed  rm      They  are  placed  at  equ  T 

maud    past  these   microsoopes,    wTm,  ta  ry  ry 

f  lalencui  solidly  to  one  side  of  the  cue 

■    h's    I  ■  k      Th'     ™  passes  entirely  througli  the  stonewall,  lapenng  to  aboiu 

hes         CB9        he  other  side  of  the  wall.     Against  this  Email  end  of  the 

row   w    k        h    aterally  and  veilically,  by  means  of  which  the  circle  ia 

d         h  the  meridian.     This  adjustment  is  effaoted  by  the  aid  of 

la         ed        g  pparatus.     Before  describing  this  it  will  be  necessary  to 

h  pe  of  the  inslrument  is  attached  fiiiniy  to  the  outer  face  oi 

d  of  the  diameter,  to  which  it  is  equal  in  length,  and  turns 

with  the  circle  on  its  axis.    The  ghost  apparatus  eonaista  of  two  small  microseopes, 

placed  one  at  each  end  of  the  telescope,  on  the  oulside  of  its  tube,  and  pointing  hoti- 

zontally  and  parallel  to  the  plane  of  the  ei rale,  when  the  telescope  ia  vertical,    rrom 

a  bracket  at  the  top  of  the  wall,  moving  out  word  and  inward  by  a  screw,  ia  suspended  a. 

plumb  line,  which  pnsaca  down  directly  before  the  object  glasses  of  the  microscopcB, 

between  them  and  a  small  motiier  of  pearl  disc,  on  which  is  a  black  spot,  called  s 

ghost,  which  ia  brought  exactiy  on  the  line  of  viaon  of  llie  mierosoopea,  ao  as  to  be 

covered  by  the  plumb  line.     This  being  lione,  if  now  the  plumb  lino  be  moved  out 

by  means  of  the  screw  in  the  bracket,  so  as  to  clear  everything,  and  the  telescope 

be  reversed  by  turning  the  circle  180°  on  its  asis,  then,  if  the  plumb  line,  when 

Ijrought  bscli  to  cover  one  of  the  ghosts  covers  also  the  black  spot  in  (he  other, 

the  axis  of  Ibe  circle  is  borizontah     If  not,  half  the  con-ection  must  be  made  by  the 

iidjusting  screws  of  the  asis  at  the  rear  of  the  wall,  and  the  other  half  by  moving 

one  of  the  ghosts.     This  latter  movement  is  eliected  by  turning  on  its  ania  the  lubo 

containing  the  mother  of  pearl  disc,  which  tube  ie  in  the  prolongation  of  the  tubi, 

of  the  mieroacope,  the  connexion  between  them  being  broken,  to  permit  the  plumb 

line  to  pass  in.     The  black  epol  of  the  ghoel  ie  at  one  side  of  the  centre  of  tho 

mother  of  poarl  disc,  so  diat  as  the  lube  eonlaining  the  disc  turns,  the  black  spot  ii 

carried  from  side  lo  ^de,  through  a  small  space,  sufficient  to  bring  it  Into  coincidencii 

with  the  plamb  line,  the  latter  i-emaiuing  stationary,  and  covering  the  black  spul  of 

the  otiier  ghost. 

The  process  above  described  must  be  repeated  tiil  the  plumb  line  coincides  with 
iho  black  spot  of  the  ghosts  in  both  positions  of  the  telftfcopc. 

The  rationale  of  this  adjustment  may  be  made  ^ 

evident  by  the  following  diagram. 

veiticat  plane  through  the  centre  of  the  mural 
circle,  and  perpendicular  lo  its  plane  ;  oi  its 
section  with  the  plane  of  the  circle,  cd  perpeii- 
dieolar  to  ab,  Iha  axis  on  which  the  circle  turns, 
oe  the  first  poaition  of  the  pkmb  line  coin- 
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(idiog  with  (lie  biau&  spola  on  ihe  ghosls  a  and  e.  When  tha  leiescopE  is  reversed  by 
taming  the  cirele.  on  ils  asie  cd,  the  ghoat  e  will  take  the  position  /,  nnd  the  ghost  a 
will  come  to  J,  and  the  plumb  line  suspended  fiom  /  wiil  ba  in  the  direction  /g. 
The  lower  ghost  b  will  thus  be  Iha  whole  distance  bg  aivaj  from  the  plumb  line  fg. 
Half  the  ootreclion  necessary  lo  bring  it  into  coincidence  with  the  plumb  line,  must 
theieibre  be  made  by  lowering  the  end  c  of  the  aiis,  which  is  firmly  fixed  to  Uia 
circle  ab,  ^11  the  point  b  comes  to  e,"  which  will  render  Iho  ^xis  cd  horizoutnl,  anii 
tliB  other  half  by  moving  b,  now  at  e,  lo  s,  or  the  ghost  /,  together  with  the 
plumb  line,  to  □.  The  axis  cd  is  thus  made  horizontal,  and  the  circle  ab  vertical. 
It  being  diffionit  in  practice  to  lowei-  the  point  c  juat  enough  to  make  half  the  cor- 
rection which  would  render  cd  horizonlal,  the  process  has  lo  be  repented.  Each 
trial  will  bring  the  aids  nearer  lo  the  horizontal  position  required,  so  long  as  only 
part  of  ths  correction  necessary  lo  bring  tha  glioats  into  alignment  with  the  plumb 
line  is  made  by  the  motion  of  the  point  c  of  the  mis  cd,  by  means  of  the  ectewa 
which  work  against  this  point. 

The  OJiia  being  thus  rendered  horizontal,  the  instrument  may  be  eolliniatod  by  tba 
method  described  at  p.  161,  and  may  be  ntljitsled  to  the  meridian,  or  its  t^eviation 
from  the  meridian  determuied  by  the  method  of  high  and  low  staL's,  given  at  p.  157. 

To  mens Qi^e  the  polar  distance  of  a  star  with  this  instrument,  the  reading  must  be 
fi.-»l  taken  as  indicnlfd  by  an  indel  or  pointer,  fastened  to  the  wall  a  little  outside 
of  the  circle,  when  ibs  telescope  points  to  tha  pole  of  the  heavens,  and  flfterwai-ds 
lahen  when  the  telescope  points  to  the  star,  the  circle  having  he«a  maveij  on  its  axis 
past  the  index,  which  remains  stationary.  The  diflerence  between  these  two  readings 
will  be  the  polar  distance  of  the  star. 

The  firet  of  the  above  mentioned  readings  is  called  the  polar  zero  of  the  instrument. 
It  may  be  found  by  taking  the  readings  with  the  telescope  pointing  to  a  circnmpolar 
star,  at  both  its  superior  and  interior  transits.  .The  middle  point  between  these 
readings  or  half  their  sum  will  be  the  polar  zero. 

In  taking  the  observation  the  horizontal  wire  jn  the  axis  of  the  telescope  is  made 
to  thread  the  (tar  with  great  esactiluda.  This  wire  does  not  require  collimating, 
but  the  vBrlioal  wires  do,  for  the  reason  staled  at  p.  160, 

Each  degree  of  the  graduated  limb  is  divided  into  halves  and  quarters,  or  15' ; 
these  again  into  3  parte,  or  6'  spaces.  The  i'eading  of  the  degree  is  taken  by  the 
index  or  poiqter  above  mentioned,  tlie  minutes  and  seconds  with  one  of  the  nticro- 
•copes,  and  the  seconds  with  all  six  microscopes,  the  mean  of  the  seconds  given  by  the 
whole  six  bemg  the  number  of  seconds  adopted.  The  consti'uction  and  mode  of  using 
these  mioroBcopea  must  now  he  described.  Tha  wires  of  one  of  these  microscopes, 
which  ate  of  the  finest  spider's  web,  cross  each  other  at  a  very  acute  angle  with  a 
horiioutal  line,  and  are  placed  in  a  frame  in  the  tube  of  the  microscope  at  the  focus  of 
its  object  glass.  This  frame  is  movable  up  and  down,  by  means  of  a  sere  v  placed 
under  the  tube  of  the  mieroEiCope,  and  working  into  it.  A  single  turn  of  the  screw 
moves  the  point  of  intersection  of  the  wires  over  ;  of  one  of  the  5  spacer  a  d  th 
screw  head  is  made  lttrge,.aod  its  cheumforonee  divided  inl)   60  pirti    so  that  iho 

about  the  point  d,  a  moving 
nee  lo  the  right. 
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nnmber  of  lores  and  fraoeiona  of  a  turn  of  tlia  Borew  nocosaary  to  bring  the 
wires  to  one  ol'  the  divididg  linaa  of  the  5'  spaces  will  show  how  many  minuter 
and  Beconda  [ha  inlerseeCioii  of  the  wires  stood  paat  this  diviaiotj.  To  save 
the  trouhle  of  counting  tiie  numbei'  of  tnrna  of  the  screw,  a  notched  ECG,le  is  pSaced 
verlieally  a  tittle  on  one  aide,  at  the  focus  of  the  microscope,  so  as  to  be  magni&ed 
by  ils  eye-gloas.  A  pin,  which  poinla  horizontally  past  the  scale,  towards  the 
a  of  the  wires  of  the  microscope,  movea  over  one  notch  at  each  turn  of 
Tha  zero  of  the  notched  scale  at  which  the  pin  ought  to  stand  at  llio 
(  of  the   observation,  is  marked  by  a  hole  at  the  middle  of  the 

To  recapitulate,  tlie  reading  uf  tha  degraas,  minutes,  and  seconds  will  be  taken  aa 
follows:  the  degrees  by  the  index  or  pointer,  then  looking  into  the  microscope,  tha 
degree  nearest  whicli  tlie  pointer  stands  wil!  be  recognised  by  a  round  indentation  ia 
tlie  metal,  aem  a  long  dividing  tine ;  the  ha!f  degree  ia  marked  by  a  dividhig  line  of 
the  Bame  length,  without  any  indentation  ;  the  quarter  degree  by  a  shorter  line,  ar.cl 
iJie  5'  spaces,  of  which  there  are  three  in  each  quarter  degree,  by  shorter  lines  still.  If 
the  intersection  of  the  wires  ^and  eiactly  upon  one  of  Che^  dividing  lines,  the 
reading  will  be  so  many  degrees,  halves,  quarCera,  and  fivo  minutes ;  but  if  the  inter- 
section of  llie  wires  of  tlie  niicrosoope  be  a  little  past  one  of  the  dividing  lines  on 
the  thnb,  the  mtersection  must  he  brought  back  to  the  dividing  lino  by  turning  the 
screw  whioh  moves  (ho  fi-amo  oontauiiug  the  wires.  The  nunibor  of  turns  of  tho 
Boraw  necessary  for  this  purpose,  indicated  by  the  number  of  notches  passed  over  oa 
the  scale  by  the  pin  within,  will  be  so  many  additional  minutes  to  be  added  to  tho  , 
reading  as  it  now  stands,  and  the  eeconds  will  be  obtained  from  tlie  screw  head  by 
□oting  at  what  numbers  upon  it  its  index  stands. 

The  mural  being  used  in  the  same  observatory  ordinarily  with  a  transit  itislrumeni, 
by  observing  the  lime  of  transit  of  the  star  over  the  wires  of  tha  mural,  and  oom- 
paring  the  result  with  (be  tiansit  observation  corrected  as  explained  under  the  head 
of  that  instrument,  the  hour  angle  of  the  star  when  it  crosses  the  imaginary  middle 
who  will  be  known ;  or  it  can  be  computed  from  a  high  and  low'  star  observed 
with  the  mural  itself,  as  explained  for  the  transit  instrument.  From  this  hour  angle 
the  error  in  ^  observed  altitude  of  the  star  arising  from  the  deviation  of  tho 
instrument  from  the  meridian,  may  be  obtained  as  follows  : 


Let  the  full  oh^la  be  the  meridian  of  the 
station,  s'ss"  the  diurnal  path  dssotibed  I) 
the  star  undar  obseivation,  ma  tiie  flic  of  a 
gteat  circle  of  which  the  horizontal  wire  is  a 
jiortion,  s  the  place  of  the  star  when  observed 
Then  in  the  triangle  usp,  right  angled  at  IB, 
(since  (lie  meridian  is  a  vertical  circle; 
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BqU  — C03p  =  39iiis(lr).see(81  An.  79. 
Smc6M  =  FS',  PS  ^pm very  nearly,  whence 
i'  13  genersUy  ^'ery  anmU. 


Eeduotion  =—-  Bin  2  Fsp'sia  I"  ;  its  log55^'436S9l4+log  flia  2  psp' 

ill  which  p  is  ihe  hour  angle  in  eeeonds  of  time,  amJ  PS  the  polar  distance  of  ihe 
star.  The  coriection  or  reduction  doas  not  lieoome  of  any  sensible  magnitudo.  till 
Ihe  hour  angle  eiceeda  6  seconds.  The  correction  or  reduction  is  always  to 
bo  added  to  ihe  apparent  poiar  distance,  if  the  alar  has  a  n.f.  distance  less  than  HO^, 
but  subtracted  if  greater  than  90°.  This  may  be  seen  from  the  diagtara,  and  still 
bettor  on  a  globe;  the  great  circle  of  which  the  horiaonlsl  wire  is  a  poitijn, 
inlersecliiig  the  meridiiui  h.  of  the  diurnal  circle  of  the  star,  when  its  N.r.e.  is  less 
Ihon  90°,  and  s.  when  it  is  greater. 

Instead  of  the  polar  zero,  a  horiiontal  zero  lias  been  more  commonly  used.  It  is 
obtained  by  taking  the  reading  with  the  horizontal  wue  bisecting  the  star,  as  seen 
direct  on  one  ni^t,  and  as  seen  by  reflexion  from  meronry  on  the  following  night ; 
half  the  difference  of  the  two  readings  will  be  the  meridian  altitude  of  the  star,  from 
whioli  and  the  latitude  the  polar  dist.  or  declination  may  be  obtamed  as  explained  at 
p.  190.   Within  a  few  yeais  past  a  third  zero,  which  may  be  called  the  nadu  zero,  has 

*  See  (7)  Art.  70.   ■■'  .   '■ ''"  ■ 

t  Tlie  sine  of  a  very  small  arc  diflers  insensibly  in  length  from  the  arc  ilsulf,  and 
ils  value  may  ho  found  by  multiplying  the  sin  of  1",  taken  from  the  tables,  by  tlie 
number  of  seconds  in  the  arc.  This  serves  to  esipresB  the  length  of  the  are  in  the 
gsme  terms  as  the  radius,  «ne,  cosine,  &c.,  are  expressed,  so  that  these  quantities  can 
enter  the  same  formnk.    Sin  l"=l)- 000004848 137  ;  log.  sin  l"=l'e855149, 

I  See  form.  (1)  Art.  11,    ',  .';  ■  , 

g  Or  both,  the  direct  and  reflected  observation  may  be  made  on  the  same 
jiight,  the  star  lot  one  or  both  being  a  little  off  the  meridian,  and  such  observa- 
tion reduced  to  the  meridian  by  tbe  formula  ahove.  A  movable  vertical  micro- 
mcU-ic  wire  serves  to  measure  the  distance  of  (be  star  from  the  meridian.  Tills  may 
be  still  better  dona  by  observing  the  time   of  transit  over  veitical  wires,  and 


comparm 


with  the  true  lime  at  ir 
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been  employed.  This  is  obtained  by  meanB  of  a  collimaiiiig  eye-piece  and  badii 
of  mercury,  placed  under  the  object  glass  of  tiie  telescope,  tuniod  vertically  down- 
ward, as  described  at  p.  161,  note.  When  the  direct  image  of  the  horizontal  wire 
coincides  witb  that  seen  by  reSexioii,  the  reading  will  be  the  nadir  zero,  and  the 
difference  betweea  this  and  the  reading  whon  the  telescope  points  to  a  star  cross- 
ing the  meridian,  will  be  the  distance  of  the  star  from  the  nadir,  which  ia  the 
supplement  of  its  zenith  distojice,  from  which  the  polar  diet,  or  dec.  may  ba  ob- 
tained, as  already  explained. 

Tlie  drola  and  transit  instrument  are  combined  in  one,  in  the  German  observa- 
tories.   Ihe  instrament  wliich  reaalta  is  called  a  transit  circle  or  mcridiim  circle. 
nit,  that  for  the  light  ascension  and  that  for  the  declination 
multaneonsly. 


Supposing  neither  the  chronometer  error  nor  the  latiliide  to  be  esEcllsf  known,  bul 
the  altitudes  of  two  stars  a  and  b,  differing  90°  in  azimuth  be  obsierved,  and  aasume 
sucoefsively  two  trial  latitudes,  compniing  iho  chronometer  error  by  each  latilade, 
and  by  the  Kttitude  of  each  of  the  stars.  Sappose  the  first  assumed  labtude  foe 
example  to  be  45"  15',  and  the  resulting  oh lonometer  error  by  Btar  Ato  be4&*9,andbr 
star  B,  50"3  ;  the  discordance  is  V.  Suppose  the  second  assumed  lalJtude  to  be  45° 
25',  and  tha  resulting  chronometer  error  by  a  to  bo  53"4,  by  e  37"4  ;  the  discord  now  is 
16"  tlie  opposite  way.  Then  10'  of  latitude  has  changed  the  discord  20" ;  therefore 
a  ehange  of  2'  of  laliiudo  will  remove  the  tirst  discord  of  4»,  and  the  latitude  is 
iherefoie  45°  17' ;  and  since  10'  altered  the  error  by  i  7-2,  and  by  b  la^S,  2'  wiU 
alter  tho  former  by  l"-44,  and  the  latser  by  3'-56,  and  hotn  agree  in  giving  tlio  error 
47"S4„ 
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P  A  E  T    VI. 

GEODESY, 


GEODEsr  ia  a  higher  kind  of  survPjiDg,  iiliicii  takes  into  account  the 
curvature  of  the  earth's  surface.  It  has  foi  its  object  to  det(irmine,  with 
the  utmost  possible  accwrafiy,  the  geogiaphical  positions  of  poiuts  on  the 
eartli'i  ■iurfica  bv  the  proi,Lfes  of  tnangulation  already  repeatedly  described 
iu  this  work,  but  requinng  for  the  pfesent  puipose  certaio  modifications, 
which  it  will  be  the  object  of  the  following  pf^s  to  unfold. 

The  tningles  <.omposing  the  chain  best  fulfil  their  destination  when  the 
argoat  possibl  ,  iiid  neaily  equilateral.  The  sicfea  are  ordinarily  from  ten 
to  fifty  miles,  and  limited  only  by  the  want  of  distinct  vision  with  tlie 
iiistiuraeuti,  oi  int,eriuptioiis  fiom  the  nature  of  the  ground.  The  primary 
chdn  being-  finished,  a  secondary  ohiun  of  smaller  triangles,  having  their 
vertices  within  the  larger,  is  surveyed,  and  a  still  smaller  chmn  of  tertiary 
triangles.  A  great  number  of  small  bases  and  points  of  reference  are 
thus  determined,  fi'om  which  the  surveys  with  the  plane  table  or  compass 
may  originate,  to  complete  the  map  in  all  its  details.  One  of  the  chief 
problems,  after  the  triangulation  is  finished,  ia  the  determinatioa  of  the 
.  difference  of  latitude  and  longitude  between  the  vertices  of  the  triangles, 
BO  that  when  tlie  absolute  latitude  aud  longitude  of  some  of  the  vertices 
shall  have  been  determined  by  astronomical  observations,  that  of  all  the 
othei's  may  be  known  by  differentiation.  Previons  to  the  explanation  of 
the  method  employed  for  this  purpose,  it  will  be  necessary  to  give  some 
account  of  the  mode  of  conducting  the  ti'iangulation  and,  first,  of  the 


The  measured  base,  from  which  the  triangulation  commences,  should  be 
selected  upon  ground  which  will  admit  of  ils  extending  several  miles. 
Its  length  shonld  be  ascertiwned  with  the  greatest  care,  and  for  this  pur- 
pose it  baa  been  customary  to  use  metallic  rods,  allowing  for  their  expan- 
sion and  contraction  fi^om  changes  of  temperature,  the  amount  of  which 
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liad  been  previouslj'  determined  by  c^jienmi jit,  with  a  ttermoniptfr 
which  was  alwaja  obseiTed  when  making  the  measnreinenta*  Fox 
greater  accuracy  in  placing  the  ends  of  tho  rods  togatlier,  an  ■jptii.  il  ion 
tact  has  been  employed.  This  is  pruduced  by  placing  horiMntnllj  upon 
tresaela  the  rods,  one  a  little  above,  and  its  end  piojecttng  o^e^  that  of 
die  next,  a  notch  being  cut  out  of  the  ends  of  the  loda,  acro=s  winch  a 
thread  is  hoiizontally  stretched;  a  microscope  supported  on  i  stand,  fiom 
which  an  arm  holding  the  microscope  projects  over  tlie  ends  of  the  rods 
so  that  the  microscope  can  be  placed  vertically  over  the  threads,  looking 
down  upon  them  ;  the  rods  are  then  moved  by  screws  in  tie  trossek,  till 
the  tlireads  are  seen  to  coincide  in  the  microscope,  or  till  each  coincides 
with  a  mark  on  the  stand  below.     The  optical  contact  is  then  complete. 

The  best  base  apparatus  now  in  existence,  probably,  is  that  employed 
upon  tlie  coast  survey  of  the  United  States,  and  of  this  we  shall  attempt 
a  more  particular  descrff)tion.  It  is  made  self-adjusting  under  changes 
of  temperature.  The  measuring  rods  consist  each  of  two  bars,  the  one 
above  the  other;  the  lower  of  brass  and  the  npper  of  iron,  whicli  is  less 
expansible.  The  (v?o  bars  are  connected  firmly  by  a  cross-piece  at  one 
end,  but  allowed  each  to  expand  freely,  being  unconnected  at  the  other,  at 
which,  however,  there  is  a  short  lever  of  the  second  order  placed  vertJcally, 
having  ils  fulcrum  or  extremity  at  the  end  of  the  lower  bar,  on  which  it 
works  as  a  hinge,  and  its  point  of  resistance  at  the  end  of  the  upper  ^tar, 
the  lever  continuing  above  this,  and  having  the  power  applied  horizontally 
to  its  upper  end,  through  ii  steel  rod,  which  projects  horizontally  from  the 
next  measuring  rod  above  which  it  is  susttuned  by  a  short  support.  The 
contact  between  th  s  steel  rod  and  the  upper  e  d  ol  tl  e  !eve  s  thit  of  a 
I  lunt  kn  fe  dge  ig^i  nst  a  phne  of  E^te  Tl  e  oti  er  nd  of  the  steel 
rod  ork.  f  e  ly  ag^  nst  tl  e  lo  ver  en  1  of  a  very  shoit  vertictl  lever  ot 
tl  e  first  order  tl  o  upper  en  J  of  wh  eh  supporls  a  sf  nt  ie  el  The  e  i 
of  the  "ip  nt  level  fe  thest  from  tl  e  sWl  rod  has  a  tendency  to  t  II  oce 
s  one!  by  i  counterpo  se  we  ght  h  eh  pro)Pcfs  frnt,btlis  je 
entpd  bv  ]  essure  of  tl  stpel  od  a^a  n  t  tho  lower  end  of  the  sh  t 
Ie  er  on  the  top  of  wh  eh  tl  e  sp  r  t  I  vel  ests  rh  s  del  at  mode 
of  contact  first  suggested  by  Be'-sel  lej  ends  o  the  sen  I  1  y 
ot    the   sprt    Ie  elf     The  tre  seh  on    vh  h   tl      rods   rest    jt  J.v.0 

*  Fo  aaoh  Se  rea  of  ibe  oen  itbcIo  iha  mome  e  t  a  a  s^pands  0  OOOOnSSSo 
of  3  draenHions  n  every  d  e«tion  on  0  C  00010666  d  I  0  00001  843 
Fo   1°  1-  a1     t  e  e^paos  on  s  fo  b  ass  0  00001030903     on  0  000006963515 

t  The  aftact  of  th  s  a  angement  s  ev  de  I ,  the  whole  or!  composed  of  he  v 
bars,  lengthens  by  Ihe  efluct  of  heat,  but  the  lower  inore  than  the  upper  bar,  so  thai 
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points  only,  are  stroDgly  tfuased,  and  their  upper  parts  it  least  metallic, 
and  admit,  by  means  of  screws,  of  tLe  vaiious  motions  required  m  plae  ng 
the  apparatus.  In  measuring  the  base  line,  the  meTS  iiing  loda  need  not 
be  placed  exactly  in  a  horizontal  position,  but  the  meturo  thej  gvp  can 
easily  be  reduced  to  a  horizontal  one,  if  only  the  inclination  of  the  i  1  to 
the  horizon  be  known*. 

The  contrivance  to  indicate  this  consists  of  a  sector  the  j  1  me  ot  wl  ich 
is  vertical,  attached  to  the  rods  and  graduated;  a  briss  rid  iis  ol  this 
sector,  moving  about  its  centre,  and  supporting  a  spirit  le  1  stands  at  the 
zero  of  the  sector  when  the  rod  and  spirit  level  are  both  horizontal. 
When  the  rod  is  inclined,  the  number  of  degi'ees  passed  over  on  the  sec- 
tor, in  making  the  spirit  level  horizontal,  shows  the  inclination  of  the  rod. 

the  upper  end  of  the  -verlJciil  Wor,  which  makes  the  contact,  is  thrown  bacli.     Tha 
ratio  of  the  length  of  the  arms  of  the  lover  will  depend  on  th 
of  bro^sand  iron. 
■     •  The  foiiniik  would  be  evidently 

B  being  the  horizeulsl  measure  required,  I  tha  oblique  m^aauto 
and  a  its  incliiialion  shown  by  the  sector._    But  a  being  ver 
compute  tlie  con-oction  /  —  b  to  be  subtracted  from  I  to  obtain  B.     It  i9 
I  a  —  C03  o)  =2  i  ain"  i  a  =:  i  ;  «'  sin'  1'. 
I~s  =  0'00000004a31  «a  ( 
log.  (i  — B)^2'G9649a-l-2  log.  <■  +  log.  /. 

a  being  very  small.    In  practice  it  is  customary  to  tabulate  this  formula. 

The  base  must  neit  be  reduced  to  the  level  of  the  neighboring  sea.  Let  p  be  the 
radius  of  tbe  emlli  (or  better  the  normal)  for  tbe  level  of  the  son  ;  ^  -|-  ?i  the  radius 
for  tha  level  of  the  base,  A  bemg  tha  mean  height  of  the  ground  on  which  the  baae  '. 
is  measutcd  above  the  level  of  the  sea,  and  b  the  reduced  base. 

Then,  smee  similar  arcs  are  cs 


0  of  exiiansibilitv 


f  +  h 


Which  is  the  correction, 
But  f  being  very  great  in 


-h  = 


in  by  ihe  binominal  formula 
3—*= —  —  B- -J-H  -   & 


■n  of  k,  it  is  siifiicii^nt 
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The  horizantal  alignment  is  made  by  means  (jf  a  small  transit,  altitude  - 
-Rnd-aarauth  instrument,  or  theodolite,  and  pickets  with  cards  of  paste- 
board ill  their  tops,  placed  along  the  line.  The  telescope  of  the  instru- 
ment ia  directed  to  the  distant  extremity  of  the  base,  and  then  brought 
down  on  its  horiEontal  or  supporting  axis,  to  indicate  the  proper  position 
of  each  picket.  The  correctnras  of  the  ratio  of  the  length  of  the  arras 
of  the  vertical  lever,  to  prevent  changes  in  the  distances  betweea  the  con- 
tacts from  changes  of  temperature,  ia  tested  by'dpyrOTleter,  invented  by  Mr. 
Saxton,  of  the  Coast  Survey.  The  rod  is  placed  level  upon  two  marble 
piers,  sunlc  in  the  ground,  which  support  its  ends.  The  rod  is  then  sub- 
jected to  changes  of  temperature,  artifidaliy  created,  and  being  prevented 
fiiDm  expanding  in  one  direction  by  an  upright  stancheon,  against  which  it 
abuts,  its  expansion,  if  anv,  in  the  opposite  dhecdon,  acts  against  the  vertical 
axis  of  a  smah  plane  rainw,  ^I'ing  the  mirror  an  angular  rotation  about  its 
vertical  asis,  the  plane  of  tlie  mirror  always  continuing  vertical.  At  Uic 
opposite  side  of  the  room  is  a  telescope  placed  horizontally  on  a  pier,  and 
directed  to  tiiis  mirror,  and  directly  under  tlie  object  glass  of  the  telescope, 
is  a  horizontal  scale  of  three  feet  in  length,  the  divisions  of  which  are  J 
of  an  inch.  The  movement  of  one  of  these  divisions  over  the  vertical 
wire  of  the  telescope,  occasioned  by  a  motion  of  the  small  mirror  in  which 
it  is  reflected,  con'esponds  to  a  change  in  length  of  the  rod  of  jj^-o  y  of  an 
inch.  The  distance  of  tha  piers,  which  is  liable  to  change  by  hjgrometric 
changes,  is  tested  by  a  standard  bar  at  the  temperature  of  freezing  The 
standard  bar  is  compared  with  a  bar  from  France  the  only  one  m  the 
country.  Its  length  is  an  exact  French  metre,  which  k  the  ten  millionth 
part  of  a  quarter  of  the  meridian,  tiie  value  of  wbch  in  units  ■ilready  in 
use  has  been  found  by  means  of  two  meisuied  degieea  in  distant 
latitudes.     (See  Appendix  VI.  p.  S68.) 

A  bar  of  brass  and  iron  exposed  to  the  same  temperature  will  not  heit 
equally  in  equid  times  ;  this  is  well  known  to  depend  upon  the  different 
conducting  powera  of  the  two  metals,  their  different  specific  heats  -md  tho 
different  powers  of  their  surfeoes  to  absorb  heat  The  bar-  thon  it  of 
equal  sections,  when  the  temperature  is  rising  or  fiilhng,  will  not  have  tbo 
same  temperature,  and  the  system  ia  not  compensating  By  adapting  the 
sections  according  to  rules  deduced,  partly  by  tlieor>  andfaith  byetpen 
ment,  a  small  residual  quantity  remdns  to  be  coirected  wh  ch  is  detected 
only  by  the  delicate  testa  of  the  Saxton pyrometer  li-  tho  le^er  cf  contitt 
Bud  level  of  Bessel.  This  correction  is  made  by  applying  a  co\ermg 
more  absorbent  of  heat  to  one  bai'  than  to  tiio  ofliei 

The  rods   are  surrounded   by  a  tin  coveriig    a   I  of  al>yut  twenty 
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feet   (sis  metres)   in  langrti,  the  whole  lieuig  easily  trauaportaii   by  four 

TO    REDUCE    A    BROKEN    BASE    TO    A    STUAIGirr    LINE, 

Let  a  and  6  bo  tlie  given  sides,  .ind  o  the  included  angle,  wliich  is 
nearly  180°.     Put  c  =  180°  —  fl.*     The  forranla  is 

c  =  a  +  6  — log.       (2'6264222  4- Jog-  a  +  log.  !>  H-  ar.  Co.  log.  (a  +  6) 

+  2  log.  a.) 

The  angles  of  the  triangle  of  the  great  or  primary  cliaiii  are  observed 
in  England  and  this  country  with  an  instrument  ciUed 

THE    GREAT   TIIEOBOLITB. 

That  employed  on  the  Coast  Survey  of  tho  United  States  ivaa  made  by 
Troughtoii  and  Simms,  of  London,  \mder  iie  direction  of  the  late  Mr. 
Hassler.  It  consists  of  a  horizontal  limb  thirty  incites  in  diameter,  maile 
narrow  and  light,  with  a  vertical  rim  below,  to  strengthen  it,  suppoited  by 
conical  arms  from  beneath  a  central  drum,  upon  which  the  telescope  is 
mounted  on  pillars,  as  in  the  trandt  instrument.  The  telescope  is  of  four 
feet  focal  length.  The  limb  is  graduated  to  5'  spaces,  and  numbered  to 
360°.  Three  reading  microscopes,  reading  to  single  seconds  at  intervals 
of  120°,  are  sustained  above  the  limb,  by  horizontal  arms  projecting  from 
the  central  drura.  Three  of  the  dx  horizontal  arms  which  support  the  limb 
extend  beyond  the  limb,  and  are  provided  with  foot  screws,  upon  wliich 
the  instrument  rests,  on  short  pillars  or  legs,  which  fit  each  into  one  of 
three  holes  130°  apart,  in  a  wooden  frame  strongly  tiussed 

Tlie  method  of  observing  is  as  follows  The  mstiument  is  d  iccted  ti 
the  signal  at  one  of  the  distant  vertices  of  the  tiungL  whcae  ingles  aie 
to  be  measured,  upon  which  the  middle  vertical  ivire  is  adjusted  witli 
great  accuracy,  and  the  reading  taken  by  tJie  three  micioscopes,  the  degrees 
for  only  one  of  them.  The  telescope  is  then,  mvei  ted  by  turning  it  on  its 
horizontal  or  supporting  axis,  and  the  instrument  turned  on  its  vertical  axis 
180°,  till  the  middle  verticil  wire  agmn  coincides  with  the  signal, 
when  the  reading  of  the  three  microicopes  is  again  taken.     The  legs 

*  e  bfflng  vary  bduiII,  the  Tonnula  preceding  (2)  Art.  21,  App.  I.,  putting  for  ran  ^ 
its  value  in  (1),  becomoa,  putting  sin  4  9  or  i  Bfor  its  equalcos  J  c, neglecting  fl',  Ac., 


=  a  +  6  —  0-00000004331  - 
Wlience  ttie  formula  in  llic  tcit,  in  wliicli  9  is  espvpp 
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are  then  shifted  in  the  holes  of  tho  wooden  frame,  which  changes  the 
position  of  tlie  limb  120°,  and  tho  same  operation  gone  through  as 
before,  and  so  on.*  As  there  are  three  holes  for  the  legs,  the  whole  num- 
ber of  readings  on  a  single  signal  will  thus  amount  to  18,  the  indiscrimi- 
nate mean  of  which  will  involve  a  compensation  for  all  instrumental 
mon.t 


Eminences  are  usually  chosen,  and,  if  possible,  such  as  to  permit  the 
sigoals,  which  serve  to  m^-k  the  stations,  being  seen  ag^nst  the  sJty,  A 
very  small  object  is  thus  made  visible  at  a  very  great  distance. 

Permanent  monuments  of  masonry  or  pottery  arc  sunk  below  the  sur- 
face of  the  ground  far  enough  to  be  undisturbed  by  ploughing,  with  an 
orifice  in  the  top,  in  which  to  insert  a  signal  staff.  The  top  of  this  staff 
supports  some  object  to  which  the  telescope  is  directed.  Spheres  made 
of  barrel  hoojB,  covered  with  white  muslin,  have  been  found  to  answer 
well  in  .mountainous  regions,  being  visible  fifty  miles,  but  not  so  well 
in  low  grounds,  and  near  the  sea.  Tin  cones  of  an  angle  adapted  to 
reflect  advantageously  the  light  of  the  morning  and  evening  sun,  were 
used  by  Mr.  Hassler.who  gives  (Trans.  Am.  Phil.  Soc,  1325),  the  mode 
of  reducing  in  a  simple  manner  the  observation  to  the  asis  of  the  cone, 
a  reduction  depending  on  the  relative  position  of  the  cone  to  the  sun  and 
the  observer.J  Steeples,  circular  or  polygonal  towers,  windmills,  Ac, 
have  been  employed,  and  the  methods  of  correcting  the  observations  upon 
these  are  given  by  Pmssant.§     At  night,  signals  have  been  used  formed  of 

"  This  is  for  the  purpose  of  measuring  ihe  same  angle  upon  diffsrent  part?  of  tlie 

+  The  French  employ  a  Inrgo  repeating  circle,  with  wiii«h  the  angles  are  observed, 
in  oblique  planes,  pasaiiig  thraugh  the  objoota  and  (he  eye.  Tliesa  reqiii»3  to  bo 
redue»d  to  the  lioriion  by  mstbods  given  by  Puissant  (TrailiS  da  Geodesie),  The 
iheodolitas  employed  on  the  Coast  Survay,  besides  the  30  inch,  are  one  of  24  inches, 
and  oris  of  18  inches,  by  Troughton  and  Simms,  and  a  number  of  14, 19,  10,  and  G 
inch  repealing  oiroles  by  Ttoughton  and  Simms,  and  Gambey,  of  Paris.. 

t  A  formula  easily  deduoiblo  from  Hasler's  is 

Correction  in  SBCond3=  ±     —■ — rj; 

In  which  i=mcaii  radius  of  signal  cone. 

K  =  diff.  of  aaitnuth  between  ©  and  signal, 
0  ^  distance. 
§  Traitfi  de  Geodesie.  a  standard  work  on  tins  subject,  to  which  we  shall  hare  &o- 
quent  occasion  to  refer. 
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REDUCTION    TO    THE    CENTRi!    OF    THE    STATION.  .Wl 

lamps,  placed  at  the  f.>ciis  of  a  parabolic  ftiJector,  or  boliind  a  lens  at  tl>*> 
foeus  of  parallel  rays,  The  most  perfect  is  the  Drummond  light,  whidi 
may  be  seen  at  the  distance  of  seventy  miles. 

The  test  signal  when  the  sun  shines  is  one  employed  at  present  on  the 
Coast  Survey  of  the  United  States,  called  a  heliotrope.  It  consists  of  a 
common  telescope,  monnted  upon  a  three-k^ed  stand,  horizontally.  .  It 
is  accompanied  by  a  man  called  a  heliotroper,  who  directs  the  telescope  to 
the  tent  in  which  the  great  theodolite  is  placed.  Upon  the  eye  end  of 
the  telescope  is  supported  a  small  plane  mirror,  which  has  motion  round 
both  a  vei-tical  and  horizontal  axis,  so  aa  to  be  capable  of  being  placed  in 
n  position  to  reflect  the  sun  m  any  direction,  at  pleasui  The  heliotroper 
ittendi  and  turns  th?  mirror  continutllj ,  no  is  to  reflect  Ite  sun  in  it 
direction  pTTillel  to  the  axis  of  the  telescope,  which  he  accomplishes  bv 
cmsing  the  raj's  to  fve  throitaih  two  perforated  di-scs,  supported  like  tlin 
mirror  on  the  toj;  ot  the  telescope  tube  one  bemg  near  the  object  end, 
and  the  other  bk,twocn  it  and  the  miiror^  The  signal  pole  is  sup- 
ported by  a  wooden  tiipod  at  least  J  its  height,  and  the  heliotropi' 
h,  pla"ed  tt  a  short  distance  from  it,  in  i  Ime  with  the  tlieodolitp 
station  All  the  signils  Msible  fiom  the  station  at  which  the  great 
theodolite  is  placed  ire  oWrsed  e^ery  diy  foi  several  weeks.  The 
instruratnt  t  then  moved  to  a  new  staton,  and  by  this  means  all  th*- 
angles  of  every  triangle  are  repeatedly  observed. 


It  sometimes  happens  from  the  nature  of  the  signal  employed,  that  the 
theodolite  cannot  be  placed  at  the  axis  of  the  signal  called  the  eentre  of 
.  the  stalim.  The  process  of  determining  what  the  observed  angle  would 
have  been  with  the  instrument  so  placed,  from  observaUon  with  f]ie 
instrument  placed  at  a  short  jneasured  distancof  from  the  proper  point, 
is  called  reducing  to  tlie  eentre  of  Uie  siaiitm. 

Let  c  in  the  diagram  be  the  centre  of  the  station,  o  the  place  of  the 
instrument.  From  the  observed  angle  aob  required  tlie  angle  acb. 
Make  aob  =  cj,  bo  =  ff,  AC  =  d,  aob  =x,oc  =  r,  con  =  y. 

Then 

AIB  =  u  +  lAO,  and  AIIl  =  K  -]-  OBO 

•  TliB  heliotroper  is  on  duly  till  10  a.m.  and  after  3  p.m.,  ihe  amiosphere  in  the 
middle  of  the  day  being  too  unsteady  near  Ihe  earth's  surface  for  good  observations. 

t  If  tlie  eentre  of  the  station  be  inaooesBible,  this  distance  must  be  ealculatod 
ftom  monsut^ments  which  can  be  made  by  methods  which  the  student  vi^l  easiljr 
devise  for  any  given  ease. 

21 


K-,.t9<ibyGoogle 


322  GEODESY. 

g  these  two  valuea  of  aib  we  obtain 


Substituting  these  values  of  the  ainea  of  cao, 
CBO,  for  the  angles  themselves,  which  are  very 
small,  we  have 


which  is  the  formula  for  the  correction  to  be  ajtpiied  to  the  observed 
angle  w,  to  obtain  the  required  angle  x. 
The  distance  t  being  small,  d  and  g  are  computed  with  the  angle  w. 

.VERlFlfATION    or    THE    OESBK^El)    ANGLES, 

The  excess  of  the  sum  of  the  angles  of  a  spherical  triangle  over  two 
right  angles  is  technically  called  the  siihtrkal  excess.  One  third  of  tlic 
8])herieal  exceea  being  subtracted  from  eaeii  of  tte  angles  of  a  spherical 
triangle  occupying  but  a  bjnsXl  portion  of  the  surface  of  the  sphere,  a 
plane  triangle  may  be  formed  with  the  resulting  angles,  and  with  recti- 
linear sides,  equal  in  length  to  the  curvilinear  sides  of  the  sphtrical 
triangle,  and  a,  b,  c  being  the  angles,  s  the  area  of  the  triangle,  and 
r  the  rad.  of  the  earth  (or  better  the  rad.  of  curvature,  see  App.  VI.  p.  366), 


A  +  J.+C 


a  1" 


Thia  is  Logeiidra'a  theorem,  the  deiiYOiialralion   of  whieli,  by  Lagrange,  is  be 
■The  sides  of  a  aplietical  trianele  being  o.  i,  and  c,  anci  the  radins  of  Ihe 


folio- 

sphoref,  theainiilatlriiinglo  on  the  »pheie,  whose  radius 

which  put  equal  to  e,  S,  y  """^  ^1/  ^'^-  S^.     !  i  .  I  ■■  ''■ 

■ cos  n  -  cos  B  cosy 


1,  wi]l  have  for  aides  ~.~iT 


But  (p.  94)  a  and  B  being  ver;  email, 


taxi,  rimila!  eipre^ons  obtain  for  C' 
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VEBIFICATION    OF    THE 

wliieh  is  tlie  formula  of  \eiification,  the  !a«t  term  being -expressed  in 
BCconds. 

If  the  sum  of  tlie  three  observed  angles  exceed  180°  by  -,  ■  --Tjlhe 
obaervafions  are  correct. 

As  the  spherical  excess  -j  is  expressed  in  terms  of  the  area  i>f  the  tii" 

augle,  that  must  he  competed,  which  may  be  done  with  sufficient  accuracy 
by  coDsideriiig  the  spherical  triangle  as  plane,  and  applying  to  it  one  of 
iJie  foi'niulas  of  Art,  19,  App.  I.        '. '  " 

The  angles  of  the  plane  triangle,  whose  sides  aro  equal  in  length  to 
those  of  the  given  spherical  triangle,  being  found  by  means  of  the  spheri- 
eal  excess,  as  above  explained,  and  the  length  of  one  of  the  sides  of  the 


Tiaiieferring  (1  — J/J'—Iy")  lo  the  numerator,  by  giving  it  l!io  oijionant  — 


/J'+y- 

.'       ,'  +  a'  +  r'~-i<''6'—' 

..V'-9^.'        ^3, 

<iOaA-             2^^ 

+                 my. 

Replacing  the  values  ol 

'  0,  ft  Y,  (3)  may  be  eipraesed  a 

B  follows:— 

■^"^^^aS+siftS"^ 

(■1) 

If  the  Mme  lengths,  s. 

6,  c,  be  sides  of  a  plane  triangle 

,  and  >.'  be  the  angle  oppo- 

te  a,  by  Art.  69, 

C08A'—       ■   2j_.  —  2j^  (5) 

liaising  bolb  members  of  (5)  to  llie  aqiiaro,  and  aubslitaling  I  -—  sin*  if  for  cob"  «' 

—  4  1=c'6in=*'  =  a'  +  l'  +  c'  — aan»  — 3a'e'  — ai'e'  =  N 
Equation  (i)  ihuB  reduces  lo 

ic 

COSA  =  CO.A'-gpi.in'*'  (S, 

Let  A  =  t'-i-x,x  being  the  dillereiice  between  the  epfaerical  and  plane  angle, 

cos  A^CQS  l'  oos'i;' — sin  t.1  am  xsszeoet/  ^1  —  mf  x — sin  tfeia  s 
Pulting  c,  wludi  is  very  bhwII,  for  ain  x,  and  r^Ung  the  second  power  or  x, 

™.  =  .O.A'-I.i»j'  (?) 

CtHnbiniDg  (6)  and  (7),  which  have  the  Ean>e  first 'members 

be 

B!=gjJ  Bin  *'  Bnd  oioCO  *!=:l'+» 
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iiphericul  triangle  being  known,  that  of  the  otlieis  may  be  obtained  bj 
the  solution  of  tlie  plane  triangle. 

Between  the  latitudes  45°  and  25°  tlve  spterical  excess  amounts  to 
about  1"  for  an  area  of  75*5  sq^uare  miles.  To  find  the  spherical  excess 
in  seconds  of  space  therefore  divide  the  area  in  square  miles  by  75'3. 

The  logarithm  of  the  mean  radius  of  the  earth  in  y M;ds  is  6'8i21Q11,' 
of  j-'is  13'6855834.  t.r  u.  Il'u!,..  ..  '■--■  .    (.■r^cfn.'-l^C-^' 

The  following  example  shows  the  form*  in  which  the  above  rules  ara 
applied  in  practice  oil  the  U.  S.  Coast  Survey. 


Bui  [Art,  19,  (1)  App.  I.],  J  fr  c,  em  a'  is  iho  uren  of  ilia  plana  triangle  of  which 
a.  b,  c  are  die  sidos,  which  nrea  does  not  diifer  sensibly  from  tha  proposed  spIiericBl 
Itiangle,     If  a  denote  Iha  area  of  either  of  those  (8)  becomes 


...V+B'+C'=A+B+C--^  (9) 

Bill  A'  +  D'  +  e'  =  180';'  ,-.  A  +  ii  +  c  =  180o  +  -^ 

And  this  last  in  the  foriiiLila  of  vcrihcatlon.  The  same  Iheotem  liaa  been  extended 
10  a  spheroidal  trinngle,  the  difference  between  the  spheroidal  esoass  and  ephericiil 
excess  being  less  Ihan^  of  a  second  in  the  largest  triangle  ever  measured  on  the  sur- 
face of  the  earth.    To  expres  -5-  in  seconds,  it  must  be  divided  by  »in  l".t 

•  In  the  form  given  the  Ibt,  3d,  and  4lh  columns  explain  themselvosi  the  2d 
column  oonlauis  the  namiH  of  the  stations  at  the  vertices  of  the  triangle,  the  7ih  ihe 
spheric al  eieeas  5*67,  calculated  by  the  formula  on  p,  393,  the  5th  the  diifetenco  0-15 
between  the  excess  of  the  sum  of  the  observed  angles  over  160°,  and  tile  spherical 
etceae,  which  difietence  ought  to  be  zero.  This  error  0'16  is  equallr  distributed 
between  the  three  angles  ;  the  6th  column  eontains  the  observed  angles  thus  cor- 
leeled  ;  the  Glh  column  contains  the  angles  of  3  plane  triangle  whose  sides  are  of 
Ibo  same  length  with  the  spherical  one,  each  determined  by  suhtraeting  i  the  spheri- 

t  A  still    more    accurate  formula,   deduued  rigorously  from  the  spheroid,  is 
i  +  e=  cos  a  L 
Kxcees  =  » t ,  in  which  l  =:mean  latitude,  and  a  =  equatorial  radius, 

This  form  would  oaiy  become  impoilanl  in  carrying  forward  aziranths  in  a  long 
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The  kt  t   le  1   1  lo       ude  ot  a  fe  v  o    t  o         o      o    j    !  ai     o    t 
angles   h  1    tei  it  d  ft     nt  f  a  te  of  tl  e   whole    be   g  detp  m     d  by 
Tstronom  aI  obse    ation^    the   lit  ude     and    ongitu  les  of   the      1 « 
(At  on    nay  be  found  oeodet  colly  as  t  s  te  med    by  u     1  od       II      e 
now  proce  d  to  expla  n 

The  problem  to  resolve  js  tlio  following  (xne 
longitude  of  the  point  s  in  the  diagram,  and 
the  aaimuth  of  the  point  «  upon  the  honzon 
of  s*,  to  find  the  latitude  and  longitude 
of  this  second  point,  and  the  azimuth  of  S 
upon  the  horizon  of  b  . 

If  L  denote  the  given  latitude,  i^i.  the  differ- 
ence of  latitude  betn-een  the  ivto  stations  to  be 
applied  as  a  correction  to  the  known  latitude, 
in  order  to  find  the  required  latitude;  m  the 
longitude,  dis.  tiie  difference  of  longitude  of 
the  two  stations,  z  the  azimuth,  dz  the  differ-  S 
ence  of  azimuth ;  then  the  following  will  be  the 


FORMULAS    FOR    COMPUTATION    OF 

For  the  difference  of  latitude 

—  rfL  =  KBcosz-fK''c  sin' 


;-|-(i;i.)'u-Ak'i 


4 


sal  escess,  ot  !'99  from  the  cortespoiidingBphorieal  augl«a  ;  tliia  colnmn  olao  eon- 
laiofl  the  sides  of  the  plane  triangle,  the  last  two  of  which  are  computed  from  the 
lital,  and  the  angles  by  the  rfiia  proportion,  p.  63,  the  logarithms  for  which  putpose 
jre  contained  in  the  last  eolonin. 

'  ■  Observed  asttonomionlly  by  methoda  to  he  doauribed  in  the  sequel. 

'  t  The  following  is  tlie  damonat ration  of  this  formula : — There  are  known  in  itie 
snangiei'ss'  the  oolalitude  rs  =  90° —i.  of  the  point  s,  ihe  angle  rss'  =  IheaiirauKi 
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In  vihifii  K  =  dist.  between  the  two  stations  (in  metres) 

*  {  =  rad.  of  curvature)  = 


(l-,'«n'i.)f 

(l-,-.m'L)J 

ol  s'  from  s^i,  and  the  side  a!l'  =  E,  the  geadetio  tine  or  measured  diataocc 
between  sand  s'.  That  is  [o  saj  two  sides  aod  the  included  angle,  to  compute  Ps',  Iho 
coliititude,  and  rs's  =  ISO"  —  2'  the  azimuth  of  s  from  s',  and  f  =  dm,  Ihe  difF.  ol 
loag.  required. 

Tbe  detctmiuation  of  tlie  latitude,  especially,  by  this  method,  would  he  attended 
with  considerable  error.  We  shall  deduce  the  formula  given  by  Delambre,  for  the 
dilference  of  latitude  between  the  £wo  atationa.  The  formula  of  Arc.  8S,  applied  tu 
the  present  triangle,  gires 

ur,  since  l  +  iJl  =  the  latitude  of  s',  of  which  rs'  13  the  eoraplemenl 

Bin  (L  +  iL)  =  cos  z  cos ..  sm  K  4- ein  I,  C03  K 
otrArt.  70,<3)], 

or  [Art,  73  (8),  aud  Art.  71  (3)],      '    .  " 
sin  L(l— asin'i  rft) +2  cos  l  coa  4  di.  am  i  dL  =  cosiooa  £,  sin  s  +  sinr. 

(1  — a^n'jK) 
Whence,  reducing 

3  sin  1,  Bins  J  iIl  4-  2  cos  r.  coa  4  dj,  sin  J  Jr.  =  ooa  i  oofl  I.  flin  K  —  2  sin  L  am'  i  s 
Dividing  by  2  cob  l  this  beoomoa 

—  tan  L  wn*  i  &,  +  cos  J  Jr.  sin  i  Jl  =  J  (cos  i  an  k  —  2  lau  t,  Hio»  i  n) 
Eepreseiiling  tho  aecond  member  by  p,  and  — tan. l  by  5,  asd  dividing  all  the 
tenna  by  cos'  4  di.,  we  liave 

g  lan>  J  Jl  +  tan  4  dt.  =  '^^f^  =■*(!  +  Ian'  4  dl.) 

(q  —  p)  tan3  4  dL  +  tan  J  Jt  =ji 
Reaolving  this  qusdratio  we  have 


Developing  Ihe  radical  pan  by  the  binomial  theorem. 

Or  performing  tho  operation  indicated  in  the  secoEd  member,  and  rajectuig  the 
terma  beyond  ji', 

•  Values  of  B  and  b  for  ovutj"  latitude  are  furnished  by  a  table,  p.  44,  Psft  L,  ol 
Lao's  Tables  and  Foriiiulaa.    See  also  (4),  p,  3(>6  and  p  368  App,  VI. 
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tan  hil—e's.m'i.y      ^  .  a 

l  +  3tan'L_  (l  +  3taa'L)  (1— c'siu'l) 


Un  i  dL=p~qp'+  (1  +  a?')  P' 

But  raee  nole  p.  95), 

J  di.  =  tan  J  dh —  5  iHii'  4  rfL 
Substituting  in  the  second  mombei'  of  lliie  the  value  of  tan  |  rfi,,  given  b^  Jie  pre- 
ceding it  becomes 

idi.=p  —  qp''+(l+2q')  p^—ip^ 
rejecting  the  higher  powera  of  p.     Or, 

di.=  ap  — %),'  +  ;  p»  (1+3?') 

2y  =  eoaiBinK  — aisni.anMit 

2  s  p5  --  i  COS'  I  eiiL'  K  tiin  i,  +  2  cos  i  Bin  K  dn'  i  K  ;ani  6 
Jps  _^  1  eogi  2  sini  K,  rejecting  terras  nontainiiig  higher  powerB  of  Bin  i  than  the 
third. 
ButfApp.  I.,  p.  94  (1)], 

Whence  tlia  lirst  term  in  tlio  value  of  9p  baeomes 

Kcoa^  — jK^eoan  (Bl) 

jind  the  value  of  S  ;i^  may  he  put  under  the  form 

i  cJ  coi'  z  cos  z,  rejecting  higlier  powers  of  K  liian  a' 
This  last,  added  to  the  seeond  term  of  (m),  gives 

BO  that  (m)  thus  increased  becomes 

Again,  putting  J  S  for  its  sine,  being  a  small  arc,  the  eocond  term  in  the  value  uf 
3p  becomes 

snd  the  Irtbt  term  of  the  vaine  of  —  2qp''  becomes 

^        +iK'eoe'.tan>:. 
These  last  two  being  added  together  produce 

Thus  the  Oipression  for  the  diflerencc  of  Intitudo  reduces  to 

dL=K  003  1—1  k' sin' z  tan  r.— J  13  !u.i' s  COS  2  (1+3  tan' l)  &.o. 

Delambre  observes  that  the  merid'onat  arcs,  computed  on  the  supposilioa  that 

Oie  earth  is  a  sphere  differ  insensibly  from  those  computed  on  the  spheroidal  hypo- 
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a  =  oquatoiiiil  semidiamofec  of  the  earth  =;  6,3Y739Y*15  metres,  li^. 

=  6*8046434637,  ft  =  Ist  term  k-b  coa  z. 
i  =  0*O816907,  log.  e  =  8'9l2205227L 

Subjoined  is  part  of  a  table,  from  wliich  b,  o,  d,  b  are  to  be  taken. 


A 

Lob.  =. 

DlfT. 

Log.  «. 

10" 

Log.B. 

Log.  K. 

Sf 

_ 

+ 

+ 

40°  00' 

8-510ti910.6 

1  •33843.1 
868.6 

3-3801.9 
03.6 

G.1044.4 
48-6 

834.1 

03-4 

52>7 

fll9.6 

04.1 

56-9 

04-9 

61.0 

5 

84S  1 

'OM 

970  5 

05-6 

65.a 

a-m 

6 

835  b 

I96  0 

06-4 

6D.4 

7 

8^  1 

I  33021  -i 

07-1 

73.5 

8 

810  b 
798  1 

04    0 
07    5 

07-9 

os-e 

77-7 
81.8 

10 

8-5 108785  f 

1  same  1 

-3809.4 

6.1036-0 

a  e.\»raple,  let  us  make  i 


=  100  n 


thesia.  The  oonsidaratioa  of  the  spheroidal  Hgure  ia  only  of  consequence,  in  con- 
reeling  the  terrealriul  nrcs,  msasuKd  in  metres,  into  seconde.  This  may  be  done  by 
dividing  Buiih  arcs  by  their  radii  of  carvature,'  and  this  quotient  by  the  length  of  1". 
Our  formula  is  deduced  by  considering  the  normal  N  torminating  at  the  polar  axis  as 
tlie  radius  of  curvature  of  the  geodetic  arc  k,  which  it  19  very  nearly ;  then  if  e  and 


will  he  the  lenglh  of  k  in  lerms  of  si  as  unity.     If  therefore 


bo  substituted  for  k  ir 


iu  which  di.  is  expressed  in  terms  of  n  the  radius  of  E  as  unity. 

lu  order  that  it  may  be  expressed  in  lerms  of  its  own  radius   as  unity,  which  v 
will  Bail  E.'  this  value  of  di.  most  be  multiplied  by 


Multiplying  therefore  the  second  member  of  (g)  throughout  by  ~  dividing  it  by  ai 


I  The  radius  of  c 


6  ^,  ^  ^^^  1„    (1  +  3 


I'L)     (a) 


il  of  a  curve  is  the  radius  of  a  circle  having 
.   n  that  part  of  it. 

*  For  the  diunonstiatian  of  a  formula  for  the  radius  of  curvature  of  an  elliptical 
mendian,  at  any  point  of  that  meridian,  in  terms  of  the  latiltide  of  that  point,  se« 
the  Appendix  to  Part  VI.  p.  36G. 
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GEODETIC    OETERMINA' 

1-°  ;  the  computation  by  r 


5*2005560 

IS9-7C92187 

8-ol08ail 


1  of  llie  preceding  t^il 


1 0-4 13 11 

9'81592 

1'32843 

1*55746 

(rfi.)'*  log.  0-9835 
J)  log.  2-3802 


A  log. 
E  log 


>g.  0-2290 
6*1044 


3102  -gss 

0   -661 


3102-327 


Tho  1st  and  2d  terms  should  always  be  used.  The  third  term  should 
be  used  whenever  log.  a  is  over  2*310.  "When  k  is  less  than  100,000 
Tnetres,  or  log.  k  not  over  6*00,  a'  may  be  written  in  the  3d  terra  for 
{dLf  for  all  z  •  ItWi  than  35",  or  wlierever  /3  is  not  over  0*870, 


Tiis  reaulls  nru  better  if  the  r. 
is  used;  makeJdL  =  ),;  L  — 
l',  and  ihe  radma  of  curvature  , 


[l--'^) ^ 

13  of  ourvaluro  midway  between  Ibe  two  laliludea 
:  Ln  thu  Utilndo  of  the  middle  point  batweeii  i,  und 
":=Ri«;  then  should   the  formula  (a)  be  multi- 


plied by  — ■  if  we  would  lefur  the  arc  dh  to  B*  Tlion  ill.  —  - 
the  eorreciioii  to  bo  added  to  (o)  to  moke  the  roqaired  reduotio 
NowisR~n.  =  «(l-«")[-7 


■dL  = 


-    llLiU 


"C1-- 


-(i-'V, 


0  —  t'i 
i  e"  (sit 


■^)V 


But  since  (See.  63  p.  103),  Eifl'  l  — sin"  i:»  =ain  (l  — ii»  )  an  (l  +  i.~  )  =;in  ; 
Bin  (2  I.  —  X)  =  iiLBinL  cos  L  very  nearly,  becauEO  J  sin  2  i:,:=ain  i,  tos  l.  Tin 
quantity  negleclod  here  ia  quite  insensible  in  pnietioe. 

iiQ-  —  ^)  \  e'  dL  wn  u  cos  T.         (I— g'ain'  i,~ )  » 


We  have  Ihsii  - — - 

-(1- 

e»sin 

-.)?(! 

—  e'a 

'Lm) 

K~ 

(I- 

;  «i  dL  aiti  r.  cos  L 

R— K 

=  (d.,) 

Se'si 

LCO 

,. 

-(l-e=Bin'L)J 

'"■^         R, 

,L 

(l~e 

sin- 

)\ 

As  this  quantity  ne 

ver  amounts 

^"^ 

of  dz. 

the  th, 

dterr 

1  of  dl. 

n(a) 

•  This  di.  is  the  su 

n  of  the  firs 

two 

+  0- 

1  See  Ariieiidix  VI.  p.  366. 
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Forseconilary  work  the  4tli  term  Ak"  sin'  z.e  may  always  be  omitted. 
The  3d  term  very  frequently  is  of  no  Mnsible  value,  and  a'  may  always 
be  wiitten  in  the  place  of  i^l',  wlien  k  does  not  eiceed  86^500  raotrea 
(54  miles),  or  log.  k  =  4*937,  whicli  comprise  the  vast  mdjority  of  eases. 
When  K  is  less  than  34000  mDtrea,  two  tefiHs  are  sufficiunt.  The  bpsi 
rule  for  the  omission  of  the  third  term  is  that  it  need  not  bd  iised  unSess 
log.  a.  is  greater  than  2'31  . ,  .,  \Qg.  n  (which  scarcely  varies),  being  aboul 
2*38...,  we  shall,  in  that  case,  have  log  «' d=  7*00  ..  =  log.  of  0"*001. 

It  appears  that  there  ui'o  hardly  any  cases  in  which  the  second  term  m 
be  omit(«d. 

The    1st  term  gives  tlio  distance  on  the  meridian  of  the  point 
departure  fi'om  that   point  to   the  foot  of  the  perpendicular  fj'om  t 
second  point,  the  second  term  gives  the  redaction  to  tlie  parallel.    It 
only  at  a  vct^'  small  aaimuth  tlion,  that  the  3d  term  may  be  neglected  even 
for  a  very  short  lino. 

The  4th  term  may  be  omitted  between  latitude  45°  and  40°,  when  k 
is  not  over  17000  metres,  or  log.  k  =  4'2304.  Between  latitude  40°  and 
35°,  wlieo  K  is  not  over  18500  metres,  or  log.  k  =  4-2671,  and  between 
latitude  35°  and  30°  when  s  is  loss  than  20,000  metres,  or  log.  k  4'30]. 

In  computing  carry  log.  b  to  7  places, 
"  "        "     c  to  5  places. 

"  "       "     D  and  E  to  4  places. 

The  formula  for  difference  of  longitude  is 

bo  used  ill  making  llio  subhtitiilion  of  di.  in  (o),  and  llie  second  term  only  wlian  it  is 
over  18°.  If  in  (o)  we  inti-oduce  rfL  exptessed  in  eeconds  obtained  by  (a),  we  must 
of  course  raultiplj'  by  arc  I",  and  we  have,  finally, 

-  di. = ^~, + ^twJt^  -  ^^L;t^  !' + ^  '^'"  ■■>  +  ('''■'> 

I  tan,,  ^,5'fliiiLCosi.arc1^_     l  +  3Un=i,_ 

'^^'^"siW^'~'''a"Siii^"=='^''^(i-a'9in«i.)3    -"'     Cn"      -^• 

ind  coll  the  first  term  h,  we  may  wi-ito  —  di.  =  +  K  coa  i-b  +  k°  sin'  z-o  +  ((Il)» 
D  —  S  k'  sin"  z*E,  in  which  K  may  ba  taken  ont  at  ilia  same  time  and  from  the  same 
page  a3  n  and  c  ;  *  could  be  copied  fioin  tlio  bottom,  or  sum  of  tlie  logs,  of  the  Isl 
lerin,  and  k'  sin'  i,  by  taking  tlie  sum  of  tlie  firflt  two  logs,  of  the  3d  term, 

•  Tlie  formula  for  the  difference  of  longitnde  is  obtained  in  an  obvious  manaer, 
by  appiyiiig  iha  sine  propoition  {Art.  81),  to  the  spherical  triangle  Pss',  which  gives, 
writing  t/jJ  for  siu  Jji  =3in  p  and  k  for  sin  K, 


Hosieanv  Google 


GEODETIC    DETEIIMINATIO^J 


^   POSITIONS. 


,('-'■"• 


l'  =  new  latitude,  computed  from  tlie  formula  for  —  du 


And  the  value  of  dK  ia  secoiida  of  ai-c  is  ubtoiiied  by  cuavertiag  K  into  seconds, 
bj'  dividing  K  in  metres  by  Bsin  1",  w  being  the  normal,  and  Ilia  length  of  tbs  tadiua 
nsed  at  that  part  of  the  earth  in  metrea.     The  above  futmula  thus  becomes  the  one 

Kiready  given  (g).    Lee'5  tables  and  foiinule  gives  a  table  for  log.  k,  log. ^~Ti7 

utid  lojt.  (1  +  t'  cos*  1,5  for  any  latitude  between  20  nnd  50  dagi-eos. 

(g)   is  founded    on  the  supposition   (hat  cos  l'  ;  sin  z  ;  :  E  :  dM,  whereas,  in 

reality,  cos  l'  ;Ein  a  :  :  ain  —  :  sin  d«.     The  error  committed  by  the  former  suppo&i- 

450,^— — — , -—(Sein'a  — smz).    Thia  is  a  muxiinum  when  i  =  240  08', 

d./2    s   are  1 

and  if  we  substitute  this  z  in  the  latter  expression,  and  make  it  equal  10  0-001",  we 

find  the  corresponding  Itig.  x  to  be    4'4315      =log.  of  27000.     For  any  line  over 

£7000  metres,  then  a  correcdou  ought  la  be  applied  to   dm,  or  if  we  will   allow  an 

error  of  0-009,  fur  any  line  over  34000  melrea  =about   81  miles. 

In  the  annesed  table,  the  column  headed  da  conlams  the  log.  of  the  seconds  in   a 

given  arc  ;  tlie  column  headed  diff.  contains  the  diil^  between  the  log.  of  that  ate  and 

tlie  log.  of  its  sine  (l»  (be  seventh  place) ;  the  coliimu  headed  k  containing  the  log.  of 

the  length  of  that  arc  in  mettes.    To  apply  the  correction  in  question  allci  having 

lirel  computed  dK  by  (he  fonnula  (a),  enter  the  table  with  the  given  log.  c,  and  take 

out  the  corresponding  diif. ;  ngain  enter  the  (able  wUh  (he  compuleiJ  log.  dm,  and 

lake  out  (ho  corresponding  diff,  and  lastly,  subtract  the  diBbrcnco  between  the  two 

quantities  thus  obtained  from  log,  dm,  the  result  will  he  the  corrected  log.  rfti.' 


^ 

ditr. 

da 

diir- 

contains  diff. 

contains  diff 

contains 

between  log,  are 

contains  log. 

between  log.  of 

log.  K 

and  log.  sin  to 

rfH  jn  seconds 

arc  and  log-  sine 

m  metres. 

seven  places  of 

of  arc. 

to  seven  places 

decimals. 

of  decimals. 

'  For  denoting  the  difference  between  the  log,  are  and  log.  sm  by  i,  the  formula 
(a)  should  be  after  the  application  of  logarithms, 


log.  dm-i-  S  log,  da  ;=  log. 


.   Whence  the  rale  is  obviona. 
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332  GB0DH3Y. 

Log.  a'  should  be  cairied  to  (siglit  pkciie.     Sovci.  places  of  logarithms 
should  be  used  for  <^m. 
Foi"  azirauth  we  hai'e 

cos  i  di. 

For  any  line  less  than  340000  metres  {21  niiies)  cos  ^  dL  may  be 
omitted,  being  regarded  as  1. 

In  computing  ifa,  sin  [X=  J  (l  + 1.')]  is  taken  out  to  five  places  for 
main  chain  of  triangles,  and  to  tour  for  the  others,  carrjnng  forward  di. 
in  tenths  of  seconds  in  the  first,  and  in  whole  seconds  in  the  second. 

•  The  fotmuk  for  (he  difterence  of  azimulh  is  deduced  as  follows  : — In  the  Iri- 
sngle  pss'  ive  have,  by  Nopiet's  analogies,  calling  ir,  ir'  the  pokt  distance  of  s,  s'. 


«osi  ("  +  ='') 


Or  recolteoting  that  Ian  =  -^  (Art.  37). 
eoti{s'  +  5)  =  -"  '"""■"-' 


aida>Aai{j.  +  i.-) 


3  (_„  -  :,■)  COS   i  dL 

ButE'=i80C  — z'.  aods  =  z.  andcot  i  (s'  +  &)  =ian  [90^— J  (s' +  e)]  .■ 


cosi 

dL 

which  is  ihe  formula  (d)  abo»o,  if  ■ 

«c  writ 

ci   <iz,  forlau   J   («'-z; 

1  and   i  dn  for 

lan  i  rf«. 

The  formula  for  di  requires  ei 

ame  an 

acddniont  wilhin    the  samt 

>  limits,  wilhi., 

which  we  obtain  dL  and  dM;  we  ha 

ve 

t«ni(z'-i!)=tan 

,M"; 

GIB  Jl 

(1) 

for  which  we  have  hitherto  used 

dz 

r=d!f 

sini 

.9  3    dL 

Bytransformationof  (1)  WBgel{seBnotop.  94,nnd  make  CDs' and  eos>  of  J  dL=:l) 
Bin  X 
di^da    — j-T-  4-i  ^<«'  ein  X  ooa'  \  ^n'  1" 

Wo  write  the  ajcond  torm  thus,  +  dw^  j  where  log.  r  is  to  be  taken  from  tlie 
tables,  into  which  it  can  easily  be  inserted,  as  only  one  value  will  be  required  fur 
every  half  dopeo  of  L.  It  is  7-8324  for  25o,  and  7'84(!4  for  45°;  diff.  for  30'  = 
O-OOOS,    Tho  term  da'  7  cdo  oavor  oxceed  0"'l. 
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r  7-00  .  .  tlie  corresponding 


GEODETIC   DUTErt  MI  NATION 

Whenever  the  log.  of  any  term  is  not  oi 
unmhei-  need  not  be  taken  out. 

Azimuths  are  reekooed  from  aoutli  round  by  west,  and  from  0"^  to  360°, 
the  sigoa  of  sin  a  and  cos  z  varying  accordingly.     "A 

The  following  form,  filled  up  with  an  example,  is  that  at  present  used 
on  tile  Coast  Survey  of  t!ie  United  States  for  the  computation  of  the 
nbove  formulfefor  difference  of  latihicic,  longitude,  and  azimuth,    .L.-AI ,  -■ 


;         .':d         c 

lOJ 
83 

93 
3ti 

16-757 
43-243 

185 

DO 
05 

OO'OOO 
47-413 

c 

5 

05 

47-113 

-dL 

0 

45 
1 

00 
04 

00-000 
32-304 

4e 

04. 

39-a64 

70  31  50-00 


70         93         43-252 


K 

5-07918I2-5 
9-D3B3442-9 
8-51D5ia4-l 

Iter 

3 

■5860379 

3879-9)4  — 
0-977  + 

«t«^ 

3879-637  — 
0-373  + 

-dt. 
X 

3873-964- 

45°  39' 16" 

32  16 

0-15836 
7'aS059 
1-40411 

Sl' 

7-1760 
2-3972 

h 

3-58S0 
8-0389 
e-2139 

9-44306 

9-5032 

7-8401 

0-366 
0-007 

8-5090985 

5-0791819 
8-9409960 
0^1588931 

Ar- 
il M^ 

3-6873039 
486"'748 

'  Iq  ihia  form  tho  first  liorinomal  linu  eipreaees  the  aziniutli  ol'  lliu  lino  joining  tlio 
two  Elnlions  a  and  b  ;  the  eeeond  the  nngle  formed  by  a  line  from  a  lo  a  third  station 
(I,  with  SB  !  tlie  third  is  found  by  the  addition  of  ttiese,  snd  is  the  azimuth  of  ao  ;  tha 
IbiiTth  the  escefs  of  tha  dif[ei«ncD  of  azimuth  between  ao  and  ca  over  180o,  computed 
balow  at  tne  bcnom  of  the  form  ;  the  fifth  tha  nzimnlh  of  ca  required,  formed  by  tho 
addition  o£  iho  two  above,  and  180O.  The  sislb  horizontal  line  oontaiaa  the  laliluda 
L  and  longitude  H  of  A  ;  the  seventh  iho  difierence  of  latitude  and  longitude  of  A 
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PROJECTIOS    Oli'    MAPS. 

The  geographical  positions  of  the  vertices  of  the  triangles  having  been 
determined  by  ealculalion,  as  above  explwned,  blank  maps  are  pr^ared 
with  lines  upon  them  representing  meridians  and  paraJleU  of  Jatitiide, 
upon  which  these  points  are  accurately  put  down  in  their  true  positions, 
and  the  maps  thus  prepared  being  placed  in  the  hands  of  the  plane  taMu 
parties,  are  filled  up  with  the  details  of  tlie  ground  which  they  represent, 
in  the  manner  described  at  p,  235  ut  seq.,  the  points  marked  upon  them, 
and  identified  upon  the  ground  by  the  sunk  masonry  or  pottery  of  the 
signals  employed  in  the  triaugulation  becoming  the  base  points  or  points  of 
depaiture  for  the  operations  of  the  plane  table. 

The  mode  of  preparing  these  maps  in  practice,  it  will  be  now  proper 
to  explain. 

A  spherical  or  spheroidal  surface  like  that  of  the  earth  not  being 
developable,  it  is  impossible  to  represent  upon  a  plana  the  positions  of 
places  without  changing  more  or  less  their  distances  from  one  another.* 
When  9  small  portion  of  the  earth's  surface  is  to  be  represented,  the  best 
mode  is  to  conceive  the  earth  to  bo  enveloped  by  a  tangent  cone,  the 

and  c,  computed  Wow  ;  the  eighth  the  latitude  l'  and  longitude  m'  of  c,  found  by 
taliiug  the  algebraic  sum  of  the  two  above.  Tho  nenl  four  horizonlal  lines  of  llio 
form  contain  tho  computation  of  the  difference  of  latitude  dt  between  i  and  c, 
the  first  column  being  the  computation  of  the  logatltiim  of  the  lirst  term,  the  second 
that  of  tho  EBOond  term,  and  bo  on,  of  the  formula  dh,  at  p.  325.  The  neil  two 
lines  contain  the  fonr  terms  theniselves,'and  tho  next  two  their  combination  to  fonn 
—  dt.  The  iirst  two  columns  of  the  remainder  of  the  form  contain  the  computa- 
tion of  —  dz;  the  third  column  that  of  the  difierence  of  longitude  of  X  and  c,  via. 
da,  and  the  fourtii  the  eoirectioji  of  this,  which  is  somelimes  employed.  Applied 
here  the  log.  da  becomes  3"6873039,  and  da  48B'748,  differing  only  0""013  from 
what  it  was  witliout  the  correction.  A  correction  is  also  sometunea  applied  to  di, 
B  FdN?,  in  which  F  =  i 


1  has  been  already  e 

Hated,  u 

It  p.  333,  the  formula  for  which 

H  X  COB«  X 

an'  J". 

The 

computation  of  this  correction 

ould  be  a 

a  follows 

rfM3  =  8-0619 
F  =  7'8404 

In  which  F  may  be  taken  from  a  lablo  previously  prepared.  The  last  number  is 
Ibo  logarithm  of  the  correction  lo  be  applied  to  —  dx. 

•  For  the  oidinary  modes  of  projecting  the  hemisphere,  see  "  spherical  projeetione" 
in  Davies'  Descriptive  Geometry,  and  for  (he  analytical  investigations  of  the  samei 
tee  FranciEur  (Geod&io,  309,  el  seq.) 

1 !  being  between  90"  and  270  J,  cos  r.  is  negative,  and  .*.  h  is  negative. 
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circle  of  contact  buiiig  the  raid  lie  pai  llel  of  tl  p  i  gion  to  Ije  embrai-C  1 
and  to  suppose  the  surfeca  of  this  cone  to  i,  inciJe  witt  thit  of  the  eAith 
over  the  whole  extent  between  the  ncithern  md  southern  piralleia  of  the 
map.  This  cone,  when  develo]  ed  becomes  the  sector  of  i  circle,  tho 
portion  of  which  between  the  two  extreme  parallels  which  we  have  sup- 
posed  to  embrace  tlie  surface  of  contact,  will  represent  the  surfiice  of  tha 

Supposing  the  earth  to  be  spherii^I  which  maj  ilwaya  be  done  in  the 
projection  of  maps,  its  oblateness  beng  so  small  inl  representing  the 
latitude  of  tlio  middle  parallel  ot  the  mip  bj  X  and  the  number  ol 
degrees  of  longitude  to  be  conta  ned  in  the  raaj  hi  n  it  is  e\  dent  that 
the  absolute  length  of  the  middle  pnnllel  ot  the  mi]>  will  be  expressel 
by  (see  1st  note,  p.  153) 

-^~  -a  cos  X  (1) 

In  tbe  above  expression  tlie  radius  of  tlie  earth  ia  unitj,  and  this  being 
the  ease,  the  slant  height  or  length  of  the  element  of  the  cone  from  the 
vertex  to  the  circle  of  contact  will  evidently  be  the  cotangent  of^the  lati- 
tude. The  are  of  the  sector,  whi<^  is  expressed  by  {!),  divided  by  its 
radius  cot  X,  gives  the  length  of  the  arc  which  measures  the  angle  of  the 
sector  to  radius  unity.     "Hie  result  is 


and  this,  which  is  tho  absolute  length  of  the  arc,  must  be  multiplied  by 
*  to  havo  its  value,  or  tho  measure  of  the  angle  of  the  sector  in 


D  «n  X  (J) 

then  will  bo  the  formula  for  this  angle,  and  the  coustfuction  of  the  map 
will  be  very  simple,  It  will  only  be  necessary  to  draw  two  lines  forming 
the  angle  expressed  by  (2),  and  with  a  radius  equal  to  ccs  X  and  the  ver- 
tex of  the  angle  as  a  centre,  the  arc  representing  tho  mean  parallel  may 

bo  described.     If  the  map  ia  to  contain  d  degrees  of  latitude,  then  — -^ 

will  express  the  distance  between  the  extreme  parallels,  and  by  describ- 
iDg  area  from  the  vertex  of  the  sector  with  radii  greater  and  less  than 

180° 
• =  59°,  39573  =  3437',  74677  =  306364",  80635. 
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cot  >^  by  tiia  h  If  of  thi^  \|  less  en,  tli  extrPmo  paiallth  nf  the  mip 
will  be  constructed  Tlie  di«taiii«  between  the  parallels  is  fien  divwled 
into  any  number  of  equal  patts  it  pleasure,  and  ■»rc3  deaenbed  with  the 
vertex  as  a  centie,  and  pawmg  through  the  points  of  dmsion  As  to  the 
meridians,  they  are  diann  as  stni£jht  lines  through  the  \ertei,  and 
through  points  of  division  equally  distant  from  one  inotlier  upon  the  arc 
of  the  middle  pirallel 

This  constiuction  is  so  simple,  that  it  is  generallj  preferred  to  in^ 
other,  and  the  greater  piit  of  maps  of  kmgdoms  and  states  ire  drawn 
upon  this  system 

For  greater  preciiion,  the  cone,  lUfte'td  of  being  taken  tangei  t  to  the 
sphere,  is  partially  inscribed  m  it  by  making  it  pass  thiough  the  two 
extreme  ciriles  of  htitudp  ao  that  these  circles  shall  be  sections  of  tie  cone 
perpendicular  to  its  axis.  Im^ine  a  meridian  section  of  the  cone  and 
sphere,  the  angle  a  formed  by  the  element  of  this-  seclJon  with  the 
axis  will  be  measured  by  half  the  difference  of  the  arcs  included  between  its 
sides  {Geom.  Ex.  30,  p.  48).  Supposing  a  and  a'  to  be  the  points  in  which 
the  element  intereeots  the  meridian  section,  and  X  and  X'  their  latitudes,  v 
being  the  place  of  tlie  noHli  pole,  and  s  the  south,  the  expression  for  the 
measure  of  the  above  angle  will  be 

But  sd  =  90°  +  X,  and  Ka'=  90"  —  X'    .:     a  =  i(X  +  X') 

Now  in  the  right  angled  triangle  formed  by  the  element  of  the  cone, 
the  axis  and  the  radius  of  the  parallel,  which  last  is  equal  to  cos  X,  wa 
have  for  the  lengtli  of  the  element  terminating  at  o 


ind  for  the  length  of  the  element  terminating  at  a 


ni(X  +  X) 


The  lengths  of  the  elements  of  the  developed  sector  being  thus  known, 
the  rest  is  aa  above. 

Sljll  lietter,  the  cone  may  be  made  to  pass  through  iwo  parallels, 
situated  at  half  distance  between  the  middle  parallel  and  tlie  extremes; 
the  cone  would  then  be  partly  internal  and  partly  external  to  the  sphere.* 

'  It  was  in  this  way  (hat  Deliste  conalnioted  the  gieat  map  of  Ruaua. 
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This  consists  m  (inwiug  a  strtight  line  verticalK  It  I'pr  srat  tlm 
central  meridian  iit  the  map,  lajmg  off  upon  it  equal  ilistan^'pa 
say  1°,  and  throngli  tlnj  points  of  division  dnwing  perpendiculars  to  thi'< 
meridian  line,  ivhicli  represent  paiiHeU  of  latitude ,  thpn  laying  oft  upon 
these  parallels  di<!tances  beanna;  the  same  proportion  to  the  distances  on 
the  meridian  as  the  cosine  of  eiich  htitude  does  to  ridius  unity ,  finallj 
drawing  tlirough  the  pouila  ot  tbe  same  jriduation  thu"  determined 
curved  lines  which  will  represent  the  other  meridians 

The  oblateness  of  t!io  earth  miy  be  tsUen  into  thp  aicount  in  thii 
method,  by  laying  oft  in  the  centrsd  laendian  not  equal  distances,  but 
inerea-wig  towaiJ-  the  poles  in  the  same  proportion  is  the  dearcos  of  thi 
meridian  increase.  For  the  Uemonstiatinn  of  the  formuh  sec  App  VT 
ji.  367.     The  formuK  itself  is 


S  = (I  — i  w  — -3-  ^J  COS  2X)* 


n  =  C3'll39l-lr-n 


=  0*8046434637  ; 
X  =  latitude. 


logf.i-=T-5233V8R824; 


Hie  objection  to  the  method  of  Flamsteed  is  that  it  distorts  some 
the  re^ona  distant  from  the  central  meridian. 

METHOD    OF    THE    FRBNCII    DfiP&T   DE    LA    OUBBUli. 

Tiiis  is  a  modification  of  tlie  conic  projection  ahvndv  given,  and  is 
now  in  iwe  on  tlie  coast  survpy  of  the  United 
States.  The  radii  of  the  arcs  of  circles  repie- 
senting  the  parallels  upon  the  map  being  tot 
long  to  beooBveniently  described  fi  jmaientre 
they  are  determined  by  pouite.  Let  there  be 
drawn  in  the  middle  of  the  sheet  the  perpen 
dicnlars  CA,  kn' ;  nak  represents  the  midlk 
parallel  of  the  map.  Then  is  known  tl 
radius  i'  =  ca  =;  r  cot  X,  r  being  the  ridiu-i 
of  the   earth.     Suppose  th^t  the  map  is  to 


jb!o  wliidi  givon  Iho  lenaih  oi 
wliicli  ^vea  ihq  length  of  a 


Ifltitnda  in  yards 
S3  and  Formulc^ 
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D  d^Toes  of  longitude,  tho  ;mgle  o  ia  then  known  =  d  ain  X 
Repreaenting  haif  the  chord  nn'  by  a,  ci  by  ^,  we  have  in  the  triangle 


=  2rs 


*,  [see  (7)  p.  100]. 


«ic) 


se  points  s  aad  n'  of  the  are  to  be  deseribed  nn',  are  thus 
and  the  point  a,  in  which  it  intersects  the  meridian.  Now 
for  other  points,  such  as  M,  a  distance  w  =  y  ia  laid  off  from  i,  and  a  per- 
pendicular PM  is  drawn  in  length  equal  to  x,  the  value  of  *  being 
expressed  by  the  following  fonnula 


'  The  deinonsti-alioQ  of  (his  formula,  which  requires  r  Jinowletlge  of  J 
Gflomelry,  N  as  follows :— The  equation  of  tte  cirelo,  the  origin  of  co 
being  at  c,  is  i'  +  j)'=:r'.  Tranalerriiig  Ihe  origin  to  i,  the  fonnula  forlr 
lion  will  ba  x^x-i-0,  and  the  equation  of  the  circle  bocomea  (i +  (?)'  = 


The  form 


inthet 


^=V(r  +  rt    (r^v)-0 


The  itbovo  method  does  tiol  take  into  account 
l]ie  earth's  obliitoness;  the  following  is  Ihe  gene 
lalization  of  the  theory.  Let  t  be  the  lentre  of 
^e  projection,  lEthe  middle  parallel  the  latitude 
of  which  represent  hy  ( ;  bh  another  parallBl, 
whose  latitude  is  X  ;  H  the  point  in  qne^don. 
whose  co-ordinatB9  are  AF^r  TM  =  y  ii  being 
tangent  at  a,  and  perpendicular  to  the  principal 
meridian  a.  We  hare  ab  =  »,  The  disfmee  in 
latitude  between  the  two  paralleb,  Ihi'^  length  9 
being  known  by  equation  (5)  p.  367,  App  VI  The 
radius  ga  ^  r  is  also  known,  be  ng  equal  ij  km 
in  the  diagram  on  p.  SHS,  nhich  in  ihu  right 
angled  tiianglo  kmn,  where  mk  is  the  normal  N, 
has  for  its  value  r  =  N  cot  I  Representing  Ihe 
■ogle  ACH  by  S,  and  c»  by  p,  «  c  have 


V 


?  i  0  [.fio  (S)  Art,  73), 

by  means  of  the  first  ,r  =  (i  sin  0.     It  b 

f- 1  tan  i  0  [see  App,  r.,  (74)  p.  103.! 
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Dividing  therefore  n  into  equal  parts,  and  for  each  point  of  division 
finding  the  corresponding  value  of  x  from  the  above  formula,  so  many 
points  in  the  arc  ns'  will  be  determined, 

f  IB  known  Einco  f=sT  —  t.     ll  rem»ms  only  to   find  9  in  arder  lo  havQ  for  each 
^oinl  like  a  tlis  valuas  of  ihu  co-ordinates  x  nnd  y,  viz ; 

*  =  panfl,!,  =  ,  +  iian  J9 

N.  B.— Thai  t  moBl  bo  taken  negative  when  A  <  J. 

The  longitude  of  h  estimated  from  the  centra!  tnaridian  soppoao  to  be  A.  Tim 
will  also  be  the  number  of  degrees  in  the  are  of  Ihe  parallel. 

fiut  H  l>eing  the  normal  at  the  point  u,  terminating  at  the  polar  axis,  (he  radius  of 
this  parallel  will  be  (see  diagram,  p.  365,  App.  VI.), 


Moreover,  tlia  arc  bh  of  the  projection  is  of  liie  aaina  length  with  tho  aro  of  fix 
parallel,  but  l!)o  namber  of  degrees  in  two  ares  of  the  same  length  will  ba  id  tta 
inverse  ratio  of  llieir  radii 


which  fortnala  serves  to  determine  0  in  the  same  denominations  that  A  ia  given,     a 
is  known  in  terms  of  A  from  formula 

"  ~  '(l^e'  sin'  A)"  i 

(see  App.  Vr.,p.  366),  in  whieb  e  =0-0816367,  log.  e  =  8  31™I)5J!7I 

It  ia  easy  lo  parceiva  now  how  a  map  would  be  drawn  a       dmg  t    th   p   j 
under  oonwdera^on,     T-ao  imos  AC  and  ii  are  first  drawn  gh         gl      I  h 

other,  intersecting  at  the  middle  of  the  sheet  i.     Setting       I  from         w     1  j      ff 
above  and  below  distances  Buoh  as  ab,  respectively  equal  to  th         I  f       Ih       m 

to  say  to  ares  of  the  meridian  corresponding  to  1°,  H",  3'^,  1  d   I  f 

arcs  which  go  on  mereaaing  towards  the  pole.i    Neit  w  p       lb        1         f 

the  normals  «,  b',  .  .  .  from  degree  to  degree,  the  radii  ^  of  t      p   j       dp      Slaia, 
and  finally  the  araplitadoa  of  the  angles  «,  which  correspond  t        1  f  A       d  > 

varying  also  by  degrees,  whence  result  the  co-ordinates  a:      d  j    t    h        rt  ( 

luadrilalerals  m  which  meridians  and  parallels  of  latitude  distant  from  each  other, 
w^peotively  the  spaos  of  1°  inlerfeot.    It  remaina  only  lo  lay  off  these  co-ordinates 
by  a  scale  of  equal  parts.    The  sides  of  the  quadrilaterals  joining  these  vertices 
thus  determined  may  be  drawn  withont  sensible  error  as  straight  lines. 
The  territory  to  be  represented  by  the  map  isorduiarily  too  extended  to  be  placed 

'  For  their  values  eee  p.  367,  App.  VI.,  also  Lee's  Tabl^  and  FormuUa,  p.  d4, 
Part  II, 
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LATITUDE    BY    ASTRONOMIC    OBSERVATIONS. 


The  zen  IL  se  to     mploj    Inth  tu     yfthUtdStat 

for  deterrn  n  g  lat  tud  a  t  n  n  ally  tli  sam  a  lio  al  1 
already  de  111  306  Xf^yt  that  o  ly  t«  m  II  p  t  n  ot  tl 
limb,  tbe  one  ab        tl       fl       b  lo     tb     cent  ta     d,  th        t 

being  con  e   e  I  to  1      ut  a  ay  to  en  1      the    n  t  un  nt  m       p  rt  bl 
The  limb  and  telescope,  instead  of  being  susbtined  by  a  wall,  aie  attaclied 
to  3  verticBl  flat  beam  of  iron,  which  is  capable  of  reversal  about  a,  verti- 
cal axis,  and  also  eiwl  for  end.     Long  spirit  levels  can  be  attached  to  the 

UiiQn  a.  aiQgle  ehcst  It  la  cu^lonuu?  to  form  the  map  by  the  nnmn  border  to  bordar. 
of  a  ^iiea  of  wheels,  the  diiuenaiotis  of  which  ore  8  (lecimelies  b^  5  To  had  t)ia 
pnsiliona  of  (he  vertices  of  the  quadrilaterals  npon  thew  sheets,  ihe  origin  of 
so  sidmslea  la  tran^erred  lo  one  of  the  coraera  of  the  sbePt,  tn  oparalion 
wliich  corifiisls  eiioply  in  adding  ir  aubliatting  1,  2,  6,  .  time?  6  decimelres  in 
tlia  direction  of  the  E',  and  as  man>  limes  5  dei,unetra3  in  the  direction  of  the  y<, 
according  to  the  place  nhich  the  ehect  ought  to  occupy  in  the  assemblage.  The 
order  of  (he  eheeta  is  marked  npou  them  Thns  the  sheet  ni  la  the  (ne  wliich  ia 
second  m  the  horizontal  direction,  and  Ihiid  m  Iho  veriital,  estimating  fi-om  i  the 
tnlarseotion  of  tlie  middle  meridian  and  parallel. 

As  to  the  inverse  problem,  to  find  the  iatitude  and  longitude  of  a  point  given 
upon  the  map,  it  will  be  sufticient  to  draw  through  the  point  lines  parallel  to  the  sides 
of  the  qaadrilaleral  within  which  it  falls,  and  lo  determine  upon  the  scale  of  equal 
parts,  the  values  of  the  fractions  which  the  lines  represent. 

Tho  following  formulas  are  used  on  the  United  Stales  Coast  Survey,  when  tlio 
exlenl  of  the  map  is  not  more  than  4°  of  latitude  and  longitude. 

niz 


ip  =  {n')p 

Im  =  (nO  P 

Li  wbieh  ip  is 

the  ordinate 

?/  =  BQ. 

"      im 

-     MP 

"     length  of  the  parallel. 

. 

(«')P 

■'    1,  =  latitude  differentiated  from. 

Here  the  cone,  inaload  of  heing  assumed  tangent  to  one  of  tho  parallels  of  Ihu 
s»ap,  is  Eupposed  sucoea-ively  lanKent  to  each,  ihot  it  may  be  requiret!  lo  draw  upon 
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OBSERVATIONS    FOK    LATITUDE    WITH    KKKJTH    Sr.CTOK.       3i! 

back  of  this  bar,  in  addition  to  the  ghost  apparatus  in  front*.  Zenith 
telescopes  are  also  employed,  of  similar  but  leisa  claborato  constructioi). 
The  practice  on  the  coast  survey  with  these  instruments  is  to  observo  two 
stare  near  the  zenith,  one  north  of  it,  the  other  south,  and  differing  so 
little  in'  zenith  distance  that  the  difference  may  be  measured  with  a 
micrometer.f 

The  following  is  a  veiy  fhll  exposiljon  of  the  tlieory  of  this  method. 


In  the  above  figure  let  a  represent  the  station  occujiied,  z  the  ZeniUi, 
H  the  Pole,  hobs'  the  Horison. 

it.    The  mnp  thna  bacomcB  the  deTelopeioent  of  tlie  Burfaces  of  several  aueeeseJve 

To  make  the  projection,  a  tanlral  meridian  is  drawn  upon  tlie  map,  along  wliidi 
the  lengths  of  Ite  required  minutes  are  laid  off;  pcrpendiculaj  lines  are  drawn  at 
each  of  these  pomts,  and.  the  vatucB  of  Ip  and  itn  are  laid  off  sticceaaively,  fJong 
and  from  each  of  tbese  lines. 

jjee's  TaUea  give  the  values  of  ip  and  im  for  parallels  80'  apart.  The  manu- 
BOript  tablea  in  use  on  tho  Const  Survey  are  computed  to  every  minnte.  In  t!j« 
diagran^HB,  which  ia  very  nnall,  is  regarded  as  a  straight  line,  and  the  angle  qu« 
=:  0  is  i  z ;  est  is  eqnid  to  mk  =  t  in  tie  diagram  on  p,  363,  App.  VI.,  n  ^  m», 
and  L  ^  Msv  in  that  diograro.  Witli  these  explanations  the  student  will  readily 
deduce  the  above  formulae  for  ip  and  6m. 

■*  The  mode  of  observing  for  latitude  is  Biuiilar  to  that  eraplojed  with  the 
mural,  except  that  the  readings  of  three  leveb,  one  above  the  other,  at  tha  back 
of  the  bar,  are  taken,  and  the  observation  is  repeated  upon  the  same  star  io  re- 
versed posiUons  of  the  instrument.  The  cmrcotbn  for  the  state  of  tha  levels  and 
tlie  reduction  to  tlie  meridian  are  made  on  the  principles  indicated  at  pp.  313,  344. 

f  For  deseripMon  of  micrometer  see  p.  382,  App.  VL  In  Silliman's  Journal  of 
Sept.,  1863,  Frof,  Baeho  says,  "  llie  chief  modifications  of  the  iuslrumeHt  since  iln 
introduotiu!)  in  the  Survey,  havn  buen  in  securing  stability  by  a  brass  arn*  insleiiJ 
of  a  rod  ;  in  increasing  the  f.iciiity  of  reaching  the  zenith,  by  raising  the  ceutrJ 

*  The  biKKS  are  is  attiidied  to  the  bottom  of  the  stand,  and  the  eye  end  of  tlie 
felescope  slides  upon  it. 
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In  £iic  following  invesfigatioii  let 


."  =:  North  Polar  Distance. 

("  =:  Zenith  Di&tance. 

1°  =  Reading  of  north  end  of 

Level  Scale, 
.*  =  Reading  of  south  end  of 

Level  Scale, 
i"  =:  Reduction  to  Meridian. 
i-"  =  Refraction  for  Star. 


fOR    STAR    SOUTH    OP    ZBSITtt, 

."  —  North  Polar  Distance. 

•'  ^  Zenith  Distani*. 

['  =  North  End  of  Level 

Beading. 
3'  =  South  End  of  Level 

Reading, 
ii'  =  Reduction  to  Meridian, 
r*  =  Refraction  for  Star. 


X  =  Latitude. 

Now  if  tlie  observaljon  of  a  star  were  not  affected  by  refraction,  and 

it  were  ohseired  at  the  moment  it  passed  the  meridian,  and  the  instrument 

at  the  same  time  were  perfect  as  to  level,  then  the  latitude  resulting  from 

Uie  observa^on  of  a  star  MoriA  of  the  zenith  would  be  expressed  by 


a  star  south  of  the  Konith  by 

X  =  go'^  —  (A'  —  k') 
irery  observation  o 


(I) 


(2) 

r  leas  by  refraction. 


a  star  is  affected  u 
according  to  its  distance  from  the  zenith,  and  the  instrument  is 
stantly  changing  (as  indicated  by  the  level)  during  the  observations. 
Suppose  a  star  to  be  observed  imrth  of  the  zenith,  and  its  north  polar 
distance  to  be  equal  to  s  \  in  the  diagram  If  there  were  no  refraction, 
the  star  would  bt.  observed  at  a,  and  the  zenith  distance  woiild  be  az. 
But  by  the  effect  of  refraction,  which  elevates  an  object,  the  star  is  seen 
Mid  observed  at  a  comequently  the  observed  zenith  diatanee  of  the  star 
is  equal  to  az,  which  la  too  small,  sinoe  na  is  the  true  n  p  d.  of  the 
star.  Tlie  measured  z  d  must  therefore  be  mereased  by  ao,  or  the 
amount  of  refraction 

Hence  we  ha^  e,  as  a  result  tor  latitude  by  obsprving  a  star  north  of 
the  zenith, 

X  =  90o-(A"  +  z-)-?'"  (3) 

Having  observed  the  star  north  of  the  zenith,  the  telescope  is  turned 

Celumn  and  somewhat  dimiDislung  the  diameter  of  the  azimath  circle ;  in  subeti- 
tutiag  a  single  for  n  double  micmiiietei: ;  ill  providing  a  puridUctic  oye-piece  ;  in 
■UuminnliDg  by  a  lamp  not  resting  on  the  inatiument ;  in  Ivinging  tha  divisians  of 
the  level  and  micrometer  into  juat  relationa ;  in  iia  adjustment  for  verticalitj  at 
the  asia  (adapted  by  Mr.  Simms,  uf  IiOisdoii)  ■,  and  in  providing  stops  to  set  tlie 
inatcument  in  lu.imutU." 
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in  aiimutli  180°,  for  the  purpose  of  observing  the  star  south  of  the 
zenith,  the  n.  p.  d.  of  which  is  equal  to  tea. 

On  account  of  refraction,  tlie  star  is  observed  at  b,  and  the  measured 
zenith  distance  ia  zfi,  which  is  evidently  too  small,  and  must  ho  increased 
by  b6,  tlie  amount  of  refraction. 

For  a  star  south  of  the  zenith  we  havCj  tliereforo, 

X  =  90O-(A'-2')  +  '-'  (4) 

If  a  star  north  of  the  /enith  be  observed  at  a,  whiie  the  instrument  is 
perfectly  level,  but  by  a  sudden  change  in  the  temperature  of  the  atmo- 
sphere or  any  other  cause,  the  instniment  is  thrown  out  of  level,  and  the 
verlaoal  asis  takes  the  direction  of  the  line  sc%  inclining  the  vertical  axis 
towards  the  soatk,  the  north  end  of  the  ]eve!  will  become  elevated,  and 
the  south  end  depressed  ;  and  therefore  the  north  end  of  the  level  scale 
will  read  greater  than  the  south  end.  Suppose  anotlier  star  of  the  same 
north  polar  distance  as  tht  tne  just  observed  to  come  into  the  field  of 
the  telescope,  it  will  be  seen  at  a  and  cinsequently  the  distance  ac  must 
be  measured  with  the  micromtter  thpre?y  niahng  tin.  mea  uied  z  d 
greater  than  the  true  by  the  quintiti   xc  =  a: 

Since  this  distance  ?<.  is  ilsj  w,ea'!u  el  h  half  the  difference  (in  arc) 
of  the  readings  of  the  lex  el  smle  (=ee  p  156)  it  follows  that  the  level 
coiTection  will  always  equtl  the  difference  between  the  measured  z  d 
Hod  the  Inte  z.  d.  of  the  stai 

Hence  wc  have  for  laiitude    by  obaenaton  of  i    tar  north  of  the 

Mtilith, 


^^ 


\=  StOO-IA"  +  K")-c"  +  \——-)  (5) 

I'he  telescope  is  next  turned  in  ;iairauth  180°,  for  the  purpose  of 
observing  a  star  south  of  the  Ecnitli,  Tiiu  vertical  axis  slill  being  in  the 
line  sc,  the  telescope  will  take  the  line  sS,  but  the  star  will  be  seen  at  d, 
therefore  the  measured  v..  d.  will  be  too  small  by  the  quantity  M  =  zc. 
The  distance  zc  being  measured  (as  I  have  before  stated),  by  half  the 
difference  of  the  north  and  south  readings  of  the  lovol  scale,  we  have  for 
latitude  by  observing  a  star  south  of  tlie  zenitii, 

■K  =  90O-(A'-.')  +  ,■■  +  y-^)  (S) 

If  a  star  be  observed  before  it  reaches,  or  after  it  has  passed  the 


K-,.t9<ibyGoogle 
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meridian,  the  obBervation  will  require  a  third  correction,  called  tha 
■■  Reduction  to  Meridian."* 

In  the  figure  suppose  the  star  seen  nt  a  to  be  observed  on  the  meri- 
lilian,  and  after  it  has  passed  the  meridian,  to  be  again  observed  at  b', 
tiieii  the  difference  between  zb'  and  zb  =:bd  =  "Eeduction  to  Meridian." 

If  the  vertical  wire  is  in  the  meridian,  and  the  star  is  observed  before 
!)!■  after  culmination,  then  the  correction  is 

w  =  -— sin  2  A 
4 

ill  which  mis  the  correotion,  ij  the  hour  angle,  and  A  the  polar  distance 
iif  the  star. 

It  is  evident,  without  demonstration,  that  the  zenith  distance  of  any 
Ktar  will  be  the  smallest  when  it  is  on  the  meridian  (the  telescope  being 
moved  in  azimuth),  therefore  the  ajgebnuc  sign  of  the  correction  for 
"  Keduclion  to  Meridian "  to  the  latitude  resulting  from  an  observation 
of  a  star  nortk  of  Uie  zonitli  will  be  +,  and  for  the  latitude  resulting 
Irom  tha  observation  of  a  star  south  of  the  zenith,  the  algebraic  sign  of 
the  correction  will  be — ,     Hence  for  a  stai'  norlk  of  zenith 

1  _  90O  _  (A-  +  .■)  -  ,-  +  {^^)  +  «■  (I) 

and  for  a  star  south  of  tlio  zenith 

X=.90°-(A'^z')  +  .'+('^^)-M=  (8) 

15y  adding  (7)  and  (8)  we  have  for  twice  the  laljtudi.', 
2X=.  180O  -  (A"+A")  -K  — z-)  —  0-  --,')  +  ^"-=:£)  + 


180"- 


(„n-M-)+0--.-') 

2 

•  A  angie  observation  on  the  meridian  has,  in  tiie  experience  o!  the  Coaat  Sur- 
vey, been  found  preferaMo  to  aeveral  eirouni-meridian  obaervatioiis. 

Wben  there  is  a  reooi'der  U>  assist  tlie  observer,  he  colls  out  ihe  time  for  setting 
ihe  instrument  for  each  pMr  of  stats  and  wlien  each  star  enters  the  field ;  after 
that,  every  ton  aeconds,  the  obseryer  in  the  mean  time  following  the  atar  with  the 
horizontal  wire  and  moving  the  instrument  in  aaimuth,  if  neceBsary,  as  the  instant 
of  culmination  approaches,  iii  mder  to  have  it  take  place  in  tlie  centre  of  ibe  field. 
At  ten  Boeonds  before  tbo  calminntion,  the  recorder  calls  each  second  till  the  in- 
stant of  culmination  previously  computed.  The  level  and  micrometer  are  then 
read  and  recorded,  and  the  inalnuuent  turned  180°  to  observe  the  opposite  star  oi 
tiiepmr. 
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in  which  a  represents  the  arc  vahie  of  one  divisioR  of  micrometer,  and  & 
the  arc  value  of  one  division  of  the  level  scale. 

The  value  of  the  micrometer  measures  is  obtained  hy  turnmg  it  at  right 
angles  to  its  ordinary  position  and  noticing  the  number  of  divisions  passed 
over  by  polaria  in  a  given  time  near  its  culmination  or  elongation ;  in  the 
latter  case,  preserving  the  ordinary  position  :  when  a  theodolite  is  at 
hand,  by  the  apparent  diameter  of  a  distant  object  measured  by  the  two 
instnimeats. 

From  these  obsei-vations,  or  a  moan  of  many,  a  table  is  made,  which, 
by  simple  inspection,  shows  the  angular  value  of  any  number  of  turns  of 
the  screw  and  parts  of  a  turn.  By  suitably  selecting  pairs  of  stars,  any 
effect  of  inaccuracy  in  this  determination  may  be  avoided,  by  making  the 
sum  of  tlie  aenith  distances  of  all  the  pairs,  n  and  a  of  the  zenith, 
zero,  as  nearly  as  may  be. 

The  value  of  the  level  divisions  is  found  by  firing  the  telescope  on  a 
dbtant  marlt,  or,  bolter,  on  a  collimating  telescope,  moving  the  instrument 
till  the  bubble  traverses  the  whole  length  of  the  level  tube,  and  measur- 
ing the  distance  passed  over  by  the  micrometer.  The  value  of  the  level 
divisions  is  then  converted  into  itrc,  and  a  table  made  which  shows  the 
correction  of  twice  the  latitnde  for  the  difference  between  the  sum  of 
N  and  sum  of  s  end  readings  of  the  levei.  One  of  tiie  great  advantages 
of  Talcott's  method  is,  that  the  correction  for  refraction  is  very  small, 
being  for  the  difference  merely  of  the  two  refractions  on  each  side  the 
zenith.  The  correction  for  variation  of  tempenituro  and  pressure  of  the 
air  from  the  mean  state  is  insigiuficant,  amounting  for  35"  zenith  distance 
and  a  difference  of  20'  of  z.  d.  in  a  variation  of  2  inches  of  the  barometer 
and  60°  of  the  thermometer,  to  only  0"'02.  The  correction  for  refraction 
may  be  obtained  by  the  formula 

,      M  sin  1"  dift".  zen.  dist,. 
log.  correction  =  log— — .._..„._-, — -, — -— ' 
^  "     cos=  (less  zen.  dist.) 

for  demonstration  of  which,  see  App.  VI.,  p.  372.     A  table  may  be 
computed  from  this,  or  by  difi'erencea  from  ordinary  refraction  tables. 
The  following  directions  are  given  by  Prof,  Bache : 

1.  The  latitude  of  the  place  is  assumed  to  within  2'  or  3'  of  aic. 

2.  The  zenith  distances  should  be  as  small  as  possible,  and  not  extended 
beyond  25°. 

3.  The  difference  of  zenith  distance  fihould  be  small,  and  in  no  case  ex- 
txad  a  convenient  range  of  the  micrometer,  in  the  instruments  used  on  the 
Coast  Survey  say  10',  including  about  13  turns  of  the  micrometer  screw. 

4.  The  interval  of  time  between  the  culmination  of  the  stars  should  be 
not  less  than  1",  so  as  to  give  time  to  read  the  micrometer  and  to  tniri 
the  instrument  in  aamuth  for  the  second  observation,  and  should  not  ex- 
ceed 20*",  to  avoid  changes  in  the  instruments. 
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lathe  preceding  example  ihc  Isl  column  eontama  the  data  of  tbe  obrarvation,  the  3d 
colnmn  the  numbers  of  the  stara  obaerved  in  the  British  Association  Catalogne,  tho 
3i!  colnmn  iudicales  whothei-  the  star  19  north  or  south  of  the  zenllli;  the4tb  andfith 
OolumoB  givo  tha  number  of  tnrda  and  fractions  of  a  tura  of  tiie  iiiioromeccr  screw, 
ueoeasary  to  bring  tha  wire  from  zero  to  eoiueide  with  the  star  ;  the  Gtli  column  give* 
the  diflbreuce  0 J  tlie  mierometerie3ding,thoTth  the  value  of  the  sume  in  ;irc  dopeiidiug, 
of  course,  on  the  value  of  one  turn  of  tha  micrometer  BEtaw  ;»  the  8th  colamu  llje  polar 
diptaiices  of  two  stai-s  obBorved  on  each  day,  thoirsum  A°  -h  A'>  and  Ifillo  —  (A'  + 
A',',  aeeoi'ding  the  Ibrmala,  from  which  Bublraclingt  the  niimbor  in  the  7lIi  column, 
which  ia  the  difiereoee  of  their  zenith  dialanees  in  arc,  or  n"  —  z=,  according  to  tha 
formula,  p.  345,  tho  remHinder  will  be  b;  the  formula  eguul  lo  twice  tha  approxinialu 
latitude  which  is  written  in  the  9th  column.  The  lOlli  and  llth  columns  contain  ilie 
level  readings  at  tha  north  and  south  ends  of  the  seaie,  in  both  poailions  of  the 
inatrumont,  together  wtlh  tho  valuea  of  N"  +  B",  and  s"  +  s",  tha  12lh  colnnm  ehows 
the  difiBrenoo  of  these  resnlla,  or  the  value  of  (s"  -f-  ^)  —  (="  +  ^)i  according  lo  the 
formula  ;  the  13th  column  conlama  the  hour  angle  of  tho  ftar  when  not  obtorved 
esaetly  on  the  meridian  in  mmutes  and  aeconds  of  time  ;  tho  14lh  column  conlama 
the  correction  for  error  of  level,  which  ts  obtained  by  dividing  tha  tosnit  in  the  12th 
by  4,  and  multiplying  by  tha  value  of  one  division  of  the  level  scde,  according  lo  tho 
formula ;  the  ISlh  column  containa  the  result  obtained  by  the  computation  in  tlio 
19th  column,  of  the  correction  ibr  the  star's  not  beuig  observed  esaetly  upon  the 
meridian  by  &  method  similar  to  that  at  top  of  p.  304,  using  a  more  accurate  table, 
in  which  the  constant  sin  1"  ia  incorporated  ;  the  16tli  colnmn  contains  the  correction 
for  refraction  ;  ihe  17th  eolamn,  the  double  latitude  alter  the  oorreotions  in  the  16th 
and  14lh  have  been  applied  to  the  9th  ;  the  18th  calmnn.  the  latitude  which  is  half 
the  result  contained  in  the  ITth  ;  the  ]9th  column  is  lor  misccUunooiis  putpoics,  used 
in  this  aiampla  for  tho  computation  already  mentioned. 

LONGITUDE   DV  CELESTIAL   OBSBrtVATIOBS. 

Tho  best  mode  of  determining  longitude  ordinarily  ia  by  means  of 
moon  culminations.  The  Nautical  Almanac  gives  p.  504  et  seq.  in  the 
edition  of  1850,  the  apparent  b,  a.  of  the  blight  limb  of  the  moon  at  the 
instant  of  its  transit  at  Greenwich,  botb  for  the  upper  culmination  marked  u 

■■  A  good  way  of  finding  the  value  of  one  dividon  of  the  screw  head  of  tho 
micrometer  ia  to  note  the  time  by  chronometer  of  the  transit  of  Polaris  over  tho 
movable  wire  placed  vettically,  and  set  encEessively  to  every  division  of  the  screw 
liead.  Representing  by  x  the  angular  distance  Ironi  the  meridian  at  which  any 
leading  was  taken,  by  p  the  hour  angle,  and  by  A  the  polar  dintance  of  the  star,  we 

The  valua  of  x  being  eompulod   for  eaeh  reading,  tlia  difference  of  tho^e  values, 

of  one  division, 
t  Really  adding  in  thin  osomple,  because  w  ia  less  than  a'. 
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ill  the  almanac,  and  for  the  lower  marked  i..  If  now  the  siderial  time  of 
transit  be  observed  at  any  other  station,  this  will  be  the  i''  r.  a.  at  thit 
inatant  of  observation  (see  p.  161),  and  the  difference  will  be  lier  varia- 
tion in  R.  A,  during  the  interval  between  the  two  transits,  viz.  that  over 
the  meridian  of  Greenwich  and  that  over  the  meridian  of  the  station. 
The  meridian  of  the  station  (supposing  it  to  be  'sr.  of  Greenwieh),  has  in  tliia 
interval  of  time  revolved  by  the  dinrnal  rotation  through  an  angular 
space  eqnal  to  the  longltnde  of  the  station  from  Greenwich,  plus  the  dis- 
tance which  the  moon  has  moved  in  u.  a.  towards  the  east.  To  know 
this  angular  space,  we  have  only  to  compute  the  time  occupied  by  the 
moon  in  ehan^ng  her  right  ascension  by  the  difference  above  moiitioncd. 
This  may  be  done  by  means  of  the  variation  of  the  moon's  r.  a.  for  one 
hour,  given  at  the  same  page  of  tlie  Almanac*  by  proportion. 


Oct.  8th,  1840,  sid.  time  transit  B"  i.  iimb. 
Error  of  cbefe,  too  slow, 
True  time  of  transit, 

B.  A.  b"  I.  limb  (Nautical  Almanac,  B  culm,  stars), 
Difference  =  var.  ii 


N^aiifJcal  Almanac  gives  b''  var.  in  a.  a,  in  I",  ]23"30, 

.-.      I22"*5i>  :  1*  :  :  6'-3C  :  3"  6"3 

which  last  term  is  the  time  occupied  by  the  meiidian  of  the  station  in 
revolving  lo  that  of  Greenwich  and  6'*36  further,  the  List  being  the 
angular  mofJon  of  the  D  in  e.  a.,  since  it  made  its  transit  at  Greenwich, 

...     s"  e"8  —  6'-36  =  S"  0"44 

js  the  longitude  of  the  place  of  observation. 

The  above  method  requires  an  exact  knowledge  of  the  siderial  time. 
To  obviate  this  necessity,  the  Almanac  also  gives  the  right  ascensions  of 
some  staiB  which  make  their  transit  nearly  at  the  same  time  with  the  moon, 
and  differ  little  in  declination  from  her,  so  as  to  be  convenientiv  observed 


•  If  the  distance  of  the  station  in  long,  from  Greepwich  be  great,  the  vatiation  in 
R.  A.  cotre^pandlng  to  tlio  middle  interval  between  the  two  transits  should  be  need, 
which  may  be  obtained  by  inlGiiiolatian.  The  numbers  in  this  uolumn  of  the 
Almanac  include  the  change  of  tlio  semidJameter  of  the  limb. 
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ID  connexion  witU  the  moon.  If  the  moon  liad  no  motion  the  difference 
of  ier  right  aacciision  from  that  of  tlie  star  would  be  constant  at  all  meri- 
dians ;  hut  in  the  interval  of  her  transit  over  two  different  meiiUiacs,  her 
right  jKcension  will  have  varied,  and  the  difference  between  the  two  com- 
paved  differences  will  exhibit  the  amount  of  this  variation,*  which  added 
to  the  difference  of  the  meridians  shows  the  angle  through  which  the 
westei'ly  meridian  mustrevolve  before  it  comes  up  with  the  moon.  This 
angle,  as  before,  will  be  the  time  in  which  the  moon  is  imdergoing  tlie 
observed  variation  in  h,  a,,  which  may  bo  computed  by  means  of  her 
houriy  variation  in  h.  a.  given  in  the  Almanac.  The  variation  of  a.  a. 
being  subtracted  from  tliis  result,  the  remainder  will  be  the  difference  of 
longitude  required. 


Oct.  8tl),  1840,  were  observed  the  transite, 
Of  the  H"  1.  iirob,        23*    l"  9'-2 
OftliestarKPisciura,    23   18  27*6 


i.limb(N'.Al.)23*  l''23"31 

aciura  (do.)    23  18  47  -98 

Difference,        17   24*67 

17   18-  4 


Difference,  17  18*4 

The  diff.  of  the  two  dlf&,  ==  »'"  var.  in  u.  a.  ~  ((  -27 

By  proportion  as  before, 

122'*29  :  1' : :  e"37  :  3"  4' 
.■-     Long,  required  =  3"  4'  —  6"27  =  2"  57"73. 

When  the  meridian  to  be  determined  is  distant  from  Greenwich,  a  very 
simple  and  unexceptionable  way  of  proceeding  is  to  assume  the  longitude 
which  is  supposed  to  be  known  approximately,  and  from  the  culminations 
of  the  moon's  limb,  as  given  in  tlie  Nautical  Almanac,  to  find  by  interpo- 
lation the  time  of  culmination  of  the  limb  at  the  assumed  meridian.  Tl\-! 
difference  between  this  and  the  observed  time  of  culmination  will  be  tli« 
interval  of  time  occupied  by  the  moon's  limb  in  passing  from  the  awumed 
meridian  to  the  true  meridian  of  the  station.     The  motion  of  Uie  limb  in 

•  For  the  delermin alien  of  this  variation  Willi  great  accuracy,  observations  fihonld 
ba  laken  simullsneoasly  at  iho  different  meridians  lo  be  compared.  Errors  in  the 
computed  pIdobb  of  the  moon  or  stars  are  thereby  avoided.  The  results  given  in  the 
Aimanac  may  be  considered  as  a  very  near  approximalioii  to  what  would  have  b^n 
ills  indication  of  tha  Greenwich  inBlmments,  had  the  observations  actually  been 
made  with  them.  The  iravoUer  has  Ihus  the  opportunity  of  rendering  hia  ohserv.i- 
tion  immediately  available  for  determining  bin  longitude  v.-ith  coneiderable  aecnracy. 
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Id  wbich  A  is  the  dement  for  tlie  tioon,  midnight,  or  complete  bou. 
preceding  the  given  instant, 
y  is  the  element  required  for  the  given  time, 
m  the  given  number  of  hours  since  noon  or  midnight,  or  minutes  since 

the  even  hour  (the  long,  in  time  of  the  assumed  meridian  above). 
n  is  12  hours,  24  hours,  or  60  minutes,  the  interval  betvfeen  the  times, 

for  which  the  element  is  given  in  the  Nautical  Aim. 
S  tiie  difference  between  two  consecutive  elements  in  the  Naut.  Aim. 
5j  tiie  difference  between  the  successive  values  of  S, 
S,  "  "  "        "  "  "       "  5j,  &c 

For  a  convenient  mode  of  proceeding,  and  an  example  under  it  where 
the  meridian  is  distant  from  Greenwich,  see  Lee's  Tables  and  Formula!, 
pp.  69—78,  Part  III.     .  /      .     - '     - 


Hie  eclipses  of  Jupiter's  Satellites,  especially  the  first,  afford  the  readiest 
mode  of  obtiuning  the  longitude,  both  from  the  frequent  occurrence  of  the 
plienomena,  and  the  simplicity  of  tlie  calculation. 

AI!  that  is  necessary  to  be  known  is  the  exact  time  of  observation  ;  the 
difl'erence  between  this  time  and  the  time  at  Greenwich*  shows  the  dif- 
ference of  longitude,  and  is  east  or  toesi  of  Greenwich,  according  aa  the 
time  of  observation  is  greater  or  less  than  the  Greenwich  time. 


Suppose  the  emersion  of  Jupiter's  first  satellite  to  be  observed  August 
8th,  1B50,  at  Paris,  and  the  time  of  obsei'vation  there  to  be  14*  30" 

*  Tbia  is  given  at  p.  XX.  of  (he  Nautical  Almanac  for  each  tnoutb.     At  p,  GOS 
at  tbe  edilioa  of  1850  is  a  full  description  of  the  page  and  its  uw. 
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Il"3  mean  tame.  The  emuraioii  takes  phce  it  treenmdi  (Niut.  Aim., 
p.  SX.),  at  U'  30"  S5*-8  Greenwich  mean  tiiae  ,  the  difference  9"  21-5 
is  the  difference  of  longitude  between  Gr'pnwich  an  1  Paris.  And 
because  the  time  at  Paris  ia  greatur  tl  ii  thit  tt  (t  nnn,h  the  former 
is  east  of  the  latter. 


lu  t!jo  pi'ovious  pages  the  methods  cf  deteiraiuing  d  fti,reiice  of 
azimuths  gaodeticaliy,orfrora  the  trianguktion  have  been^uen  But  the 
usefulness  of  these  methods  depends  on  the  imphed  ab  litj  to  obtain  by 
astronomic  observation  the  azimuths  ot  ci-Ltdin  imes  fiom  which  the  othera 


The  method  of  proceeding  is  to  determine  hy  observation  the  difference 
of  azimuth  between  the  sun  or  a  star,  and  the  line  wliose  azimuth  ia  to  be 
determined,  then  to  find  by  calculation  the  azimuth  of  the  sun  or  star ; 
the  sum  or  difference  of  these  results  will  be  the  azimuth  required.  The 
difference  of  aa'math  between  the  sun  or  star  and  the  lino  whose  azimuth 
is  to  be  observed  is  obtEuned  with  an  altitude  and  azimuth  instrument,  or 
theodolite.  The  middle  vertical  wire  is  made  to  bisect  the  star,  or  to 
touch,  the  limb  of  the  sun,  and  the  sideiial  tjme  is  observed  at  the  same 
instant ;  the  reading  ia  then  taken  on  tlie  horizontal  limb  of  the  instru- 
ment, which  is  afterwards  turned  to  a  signal  (bearing  a  lamp,  if  at  night), 
which  is  placed  upon  one  of  the  sides  of  tlie  triangulation,  or  upon  any 
other  convenient  line,  the  horizontal  angle  between  which,  and  the  line 
whcffie  azimuth  ia  required,  can  be  subsequently  measured,  and  the  read- 
ing of  the  horizontal  limb  sgain  taken.  The  difference  of  the  two  read- 
inga  will  be  the  difference  of  azimuth  between  the  ana's  limb  or  star  and 
the  signal,  at  the  instant  of  siderial  time  above  menlio  ed  Wit!  tie 
.altitude  and  azimuth  instrument,  the  transit  of  both  limbs  of  ti  e  sun  or 
.  the  transit  of  the  star,  may  be  taken  over  all  the  wires  of  the  at  ument 
and  the  mean  of  the  times  taken  as  the  time  at  wliich  the  azin  utha!  po^  bon 
of  the  sun's  centre,  or  the  star,  corresponded  to  the  reading  of  tl  e  I  on 
zontal  limb. 


The  detenainatJon  of  this  requires  merely  the  solution  of  the  triangle 
ZP8,  in  which  pz  the  colatitude  of  the  place  of  observation,  ps  the  polar  dis- 
tance of  the  sun  or  star,  and  r  the  hour  angle^  equal  to  the  d 
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between  tin*  I'ight  ascciiHiuii  of  tlie  oljjpft 
and  the  sidej'ia!  time  of  olaei'vation  are 


b  to 
h 
bse     d 


m     fte  d      J  b     tifefpolation,  one  of  the  abov 

h      b    b  d     may  be  replaced  by  tbe  zenitl 

distance  za  in  tlie  tnangle. 
The  formultewillbe 


=  iiziinuth  required. 


=  polar  distance  of  object. 
=  colatitude  of  station. 


if    tbe  siderial   time  be   iiiiliiiou'n,  and    the   altitude 


^       V  f.i,i  ;;  sin  X 

t,  =  observed  zenitli  distance. 


The  best  mode  of  obtiuuing  tbe  azirautb  of  a  line  upon  the  surface  of 
the  eartb  ia  bj  means  of  the  pole  stir  when  at  its  greatest  eastern  or 
western  elongation.  With  a  telescope  as  powerful  as  that  of  the  great 
theodolite,  the  neccssarj'  observations  may  be  conducted  in  the  day  time, 
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the  star  beiug  distinctly  visible.  The  mode  of  proceeding  is  to  cornQience 
about  15  minutes  before  the  tim"  of  greatest  elongation  and  place  the 
middle  vertical  wife  alteniately  upon  tlie  stir  ind  upon  •»  signal  nearly  iii 
the  directjon  of  the  meridiin  a  in  1  or  two  di^tint  lUumin  ted  if  th<, 
observation  be  at  night.  The  readings  ice  taken  bv  the  mn,rometer 
miero«!ope,  on  the  horizontal  hmb  botb  when  the  middle  wire  la  upon 
the  star.and.upon  the  signi!  the  difference  of  aziniulli  ">f  which  will  be 
indicated  by  the  difference  of  the  reading  so  that  when  the  izimiitb  ot 
Polaris,  at  the  instant  of  each  observation  upon  it  is  know  n  tl  e  az  muth 
of  the  signal  becomes  known  the  mean  of  all  the  reaulfs  is  taken  aa  the 
tiue  azimuth,  and  thus  a  line  whose  azimuth  is  fised  becomes  determined 
on  the  groUDd.from  which  other  azimutlis  may  be  differentiated. 
The  following  is  the  mode  of  determining,  at  any  instant,  the 


If  we  suppose  a  spherical  triangle  having  for  its  three  vertices  the 
zenith,  the  pole,  and  the  star;  this  triangle,  at  the  time  of  the  star's 
greatest  elongation,  will  be  right  angled  at  the  star ;  for  if  a  cone  be  con- 
ceived having  its  vertex  at  the  eye  of  the  observer,  and  for  its  base  the 
diumal  circle  of  the  star,  the  tangent  plane  to  this  cone,  passing  through 
ibe  star,  is  perpendicular  to  the  declination  circle  through  the  star,  which 
is  It  meridian  plane  of  the  cone ;  the  visual  or  tangent  plane  through  the 
ftar  at  its  greatest  elongation  bwng  a  vertical  plane,  passes  through  llie 
Eonith,  and,  also  passing  through  the  star,  determines  on  the  celestial 
sphere  a  side  ts  of  the  spherical  triangle  zsp,  so  that  the  angle  at  s  is 
therefore  a  right  angle.  In  this  right  angled  triangle  are  known  zp, the 
colatitude  of  the  station,  and  PS,tlie  polar  distance  of  the  star,  to  find  the 
hour  angle  i',  and  the  aamnth  z,  at  the  time  of  greatest  elongation. 
Tiie  former,  applied  to  the  time  of  the  star's  meridian  transit  or  b.  a.  will 
give  the  lime  of  greatest  elongation.    The  formulas  are 

For  the  hour  angle  cos  P  =  tan  ^r  cot  X  . 

For  the  afflmuth,sin  z  ^  sin  *  coseo  >. 

In  which  «  !=  polar  distance,  'k  ^^  colatitude. 

If  the  star  be  observed  within  45"  of  the  time  of  the  greatest  elonga- 
aon,  the  obseri'ation  may  be  reduced  by  the  formula 


s  the  correction  of  the  azimuth,  t  the  aiderial  time  from  elon- 


K-,.t9<ibyGoogle 


TROON     Frr      LE  ELLIN  355 

galjoii,  and  z  tbe  ^  e  k  t  I       11      o   tt       *  I  I    od  n  i  nann  r 

similar  to  that  on  p  302  1  ble  X\S\  I  may  be  nile  a  a  Uble  aa 
expliuned  at  the  botton  of  that  pan^  or  the  constant,  loj,  112  5  a 
]"  =  6'V3672  4  may  he  sed  with  the  lofa  of  (  and  tan  z  Ths  cor 
rection  being  ippl  ed  subtract  elj  to  tb  az  uutl  at  the  t  n  e  of  if  e  ,e.t 
elongation,  co  npute  1  •«  abo  e  11  g  e  tl  o  izin  tl  at  the  t  no  of 
observation. 

If  the  axis  of  the  telescope  be  not  honzontal  the  co      t  o    f     az     uth 
is,  d  being  the  value  i>t  one  d  vis  on  ot  the  le  el   cale 


.,("+")-('+■ 
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Th  s  con  ta  n  obae  rm^  the  zen  th  d  st  <?  of  t  v  stations,  and 
appl  ug  the  corectons  1  r  c  TvtX  tp  i  1  rptract  ons  to  obtain  their 
differ  nee  of  le  el  Th  theory  s  pie  and  tl  npceasarj  formulas 
and  table  are  founl  at  jp  50  to  54  Part  I  f  Lee  Tables  and 
l''(>rn  ulas  *" 

11  e  a  ual  n  ode  of  obsei  i  c  zen  th  distances  s  'is  folio  s :  the  instrti- 
ii.cnt  cirof  lly  levfJled  e  the  erlcal  i  s  s  ph  ed  truly  vertical ; 
the  hor  zontal  v  re  of  the  tel  'coj  e  is  tl  en  j  nted  it  the  object,  and  the 
verti  al  c  rcle  read  off  i>  xt  the  n  t  n  ent  s  e  ol  d  180°  in  azimuth, 
and  the  telescope  be  n  then  moved  through  the  double  zenith  distance 
of  the  object,  is  po  ntel  ag<i  n  It  e  no  v  read  off  tl  e  d  fference  between 
the  two  leadngBwU  he  "  z  d  the  operaton  however,  repeated 
(gene  illy  s  \  t  mes)  f  tl  e  ert  cal  lunb  his  the  rej  eit  ng  motioi^ before  it 
is  read  off  agm  Tie  D^trment  sho  11  be  leveliel  tor  each  set  of 
observat  ons 


These  isuilly  accompany  the  operations  of  a  Geodetic  survey.  They 
1  e  f  r  tl  e  r  object  to  det-  rn  ne,  1.  The  angle  which  the  magnetic  meri- 
1  in  akes  w  th  the  ast  onon  c  meridian,  commonly  called  the  variation 
ol  the  need  c  but  m  [  oj  eriy  the  Declination.  2.  The  angle  under 
vl  cl  <i  n  edle  susfealed  by  a  perfectly  flexible  thread  at  its  centre  of 
grav  ty  wo  lid  be  ncl  ned  to  the  horizon,  commonly  called  the  dip,  bat 
more  properly  the    ml    a  urn     and  3,  The  inlmsit)/  of  Ihe  magnetic 

"  lamed  ttteiy  foUowug  p  55  are  formulie  and  fables  for  'Jie  haromciiic 
n  ea  u  ament  of  1  e  ghls 
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The  instrument  for  observiiig  the  ileclination  la  called  a  declinometer  or 
declination,  magnetometer  Where  only  the  i  arialton  of  the  deohnttion 
is  fo  be  observed,  the  instrument  consists  of  a  horizontal  telescope,  (irmly 
supported,  pointing  towards  a  magnetic  needle  bearing  a  mirror  so  adjusted 
as  to  reflect  a  horizontal  scale  placed  directly  under  the  object  glass  of  the 
telescope.  The  least  change  in  the  direction  of  the  needle  will  be  indi- 
cated by  a  change  in  the  reading  of  the  scale  marked  by  the  middle  ver- 
tical wire  of  tlie  telescope. 

The  best  form  of  insti-ument  for  the  measurement  of  absolute  declina- 
tion is  a  theodolite,  or  altitude  and  azimuth  instrument,  in  front  of  which 
is  suspended  a  collimator  magnet,  by  fibres  of  untwisted  silk,  resting 
horizontally  in  a  stirrup  of  gun  metal.  The  collimator  magnet  isahollow 
cylindrical  magnet,  with  a  small  object  glass  like  a  telescope,  and  a  hori- 
Kontai  scale  at  its  focus. 

The  adjustments  of  this  insfrument  consist  in  bringing  the  collimator  mag- 
net into  the  magnetic  meridian  without  toraion  of  the  fliread ;  in  determin- 
ing the  z&TO  division  of  the  scale  corresponding  to  the  magnetic  axis  of  the 
collimator  magnet ;  and  in  bringing  the  Ime  ot  colhmatioB  of  the  theodo 
life  telesixjpe  into  the  mimetic  meiid:im,  its  vertical  wire  coinciding  with 
this  diviBion  These  adjustments  are  all  made  it  once,  by  putting  m  i 
b,ii  Hist,  er[ual  m  weight  to  the  collimating  mignet  and  adjuiting  the 
stirrup  approximately ;  then,  after  Mstoiing  the  colhmiting  magnet  bv 
repeated  tnals,  making  half  the  necessary  coirection  by  muvmg  th^ 
theodolite  in  azimuth,  and  half  by  turning  the  torsion  screw  at  the  fop  of 
the  tiiread,  tiil  tiiesame  division  of  the  scale  is  le'id,  with  the  collimator  m 
two  positions,  the  second  poaUon  being  produced  by  turning  the  colhma- 
toi-  over,  so  that  it  shall  have  revolved  180°  about  its  optical  axis.  There 
is  then  no  torsion  of  the  thread,  the  axis  of  the  collimator  mj^iiet  and 
of  the  tiieodolite  are  both  in  the  magnetic  meridian,  and  the  division  read 
is  the  zevo  of  (he  scale. 

If  in  this  position  the  veruiera  of  the  a^^imuth  circle  of  the  theo<lolite 
be  read,  and  if  its  telescope  then  be  turned  in  the  direction  of  some 
object,  whose  azimuth  is  known  or  can  be  afterwards  determined,  the  dif- 
ference of  the  reading,  added  to  or  subtracted  from  the  azimuth  of  the 
object,  will  give  the  absolute  declination.  The  angular  value  of  one 
division  of  the  scale  is  determined  by  measuring  with  the  theodolite  the 
horizontal  angle  subtended  by  a  certain  number  of  the  divisions,  the 
magnet  being  temporarily  Sxed. 
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If   a   denote  the  atigukv   value   of   one   division  of   tlie  scale,  and 

—  the  ratio  of  the  torsion  and  maffnetic  forces,  tlie  true  declination  eliangos 

are   deduced  by  miiltiplying  the  observed   differences  of    reading  by 

a  {1  +-).     The  value  of  -  is  determined  by  turning  the  torsion  through 

two  large  angles,  and  noting  the  corresponding  differences  of  reading.     If 
a  denotes  the  angular  value  of  tlie  former,  and  m  that  of  the  latter. 


ABSOLUTE    HOBl/ONTAL 

Keqnirea  for  its  determination,  1,  experiments  of  deflexion,  2,  of  vibra- 
Uoa.  The  former  ^ve  tlie  ratio  of  the  magnetic  moment  of  the 
deflecting  magnet  to  the  horiaontal  intensity,  the  latter  tlie  proditct  of  the 
same  quantities,  and  their  separate  value  is  obtained  by  algebraic 
olimiuation. 

Experiments  of  deflection  consist  in  placing  a  magnetic  bar,  .called  a 
deflector,  at  one  aide  of  n  freely  suspended  magnet,  in  a  line  drawn  hori- 
TOutally  through  the  centre  of  the  suspended  magnet,  perpendicularly  to 
the  magnetic  meridian,  its  axis  eoindding  with  tliis  line.  The  deflector 
should  be  placed  at  three  different  distance  from  the  suspended  magnet 
on  this  line,  in  direct  and  reversed  positions,  or  turned  end  for  end,  at 

Experiments  of  vibration  consist  in  suspending  the  same  magnet  which 
was  used  as  a  deflector,  and  noting  the  times  at  which  some  central  divi- 
aon  of  the  scale  passes  across  tiie  vertical  wire  of  the  telescope,  at  the 
be^nning  and  end  of  at  least  300  horizontal  vibrations  of  the  magnet, 
the  magnet  vibrating  steadily  in  a  very  small  arc. 

As  the  time  of  vibration  depends  on  the  form  and  weight  of  the  sus- 
pended mass  as  well  as  upon  the  product  of  the  magnetic  moment  and 
horizontal  intensity,  its  moment  of  inertia  must  be  ascertained  by  means 
of  a  series  of  vibrations  with  two  cylindrical  weights  of  equal  dimensions, 
whose  moment  of  inertia  is  known,  at  opposite  ends  of  the  magnet. 

If  m  denote  the  magnetic  moment  of  the  deflecting  magnet,  x  the 
hoiizor.Ul  intensity,  the  formulas  are 

—  =  J  r"  tan  M 
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In  the  first  of  which 

■^dist.  between  centres  of  deflecting  and  suspended  magnets  in  ie«t 

and  dewmals. 
*  =  angle  of  deflection  obtained  by  multiplying  half  the  mean  of  eacb 

partial  result  by  the  coefficient  (see  above),  a  (1  +  -) 

In  the  second 


'r'=time  of  vibriition  with  weights. 
I  =    "  "  witliout  " 

The  moment  of  inei'tion  of  the  weights  is 

K-_(}C+2r-)j. 

In  which  I  =  interval  of  the  points  of  suspension. 

"         »■'  =  radius  of  the  cylinders  in  decimal  of  a  foot. 

"         2p  ^!^  their  mass  in  grains. 


is  found  directly  by  the  dipping  needle,  which  consists  of  a  magnetic 
needle,  suspended  at  the  centre  of  a  graduated  vertical  cirde.  The  mean 
must  be  taken  of  results  with  several  needles,  reversed  on  their  magnetic 
axes,  and  reversed  as  to  their  poles  by  re  magnetizing.  Observations 
should  be  made  at  different  azimuths  to  test  the  lirab  of  the  instrument, 
which  is  often  magnetic,  in  which  use  the  formula 
tan  d  =  tan  ij  cosec  a 
lu  which  6  =  inclination  sought. 


"  01=  aamutii  of  the  vertical  circle. 
The  inclmition  may  ilao  be  found  by  means  of  the  horizcfttal  and  ver- 
tical compontnta  of  the  intensity,  as  it  would  be  determined  by  the 
direction  of  their  resultant.  The  vertical  component  is  obsen'ed  by  meaiis 
of  a  vertical  force  mi^etometer,  which  is  a  needle  suspended  like  the 
^pping  needle,  but  placed  in  a  pkne  perjwndicular  to  the  magnetic  iceri- 
dian,  and  made  to  vibrate  in  this  plane. 
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On  the  other  hand  the  verljcal  component  may  bo  deduced  from  the 
mclinatioi)  and  the  liorizouU!  component. 

For  further  information  on  this  subject  see  Lee's  Tables  and  Formulje,' 
and  Eiddell's  Magneljcal  Instructions.  For  tlie  theory  of  magnetism  as 
applicable,  see  the  papers  of  Gauss,  and  a  lata  elementary  work  of  Prof. 
Lamonte,  of  Munich,  Translations  of  some  of  the  papers  of  (■aus=. 
Jjiitionte,  and  Weber  have  been  published  in  Tsylor's  Sdentifie  Mpnioiiv, 
Parts  5,  8,  11,  and  12, 
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APPENDIX  TO  PART  YI. 


INSTRUMENTS  FOR  EXTRA  MERIDIAN  OBSERVATIONS. 
The  principal  of  lliese    nro   the   equatorial,    aod   ihe   altitude  and  axii 


(sH  telescope  usually  of  lai'ge  size,  upon  an  equaloriiil  inountjiig.  ThelatlcrcooBi^ls, 
1,  of  a  strong  metal  lie  asia,  pkeed  in  a  position  pacnllal  to  the  axis  of  the  earth, 
30  us  to  point  to  the  pole  of  the  hsnvona,  the  lower  end  of  this  axis,  which  ia  called 
(he  polar  axis,  b^ng  enlarged  into  a  circle  called  the  hour  circle,  the  plane  of  which 
ia  parallel  to  the  equator,  and  the  ciroumterBnee  of  which  is  divided  into  hoars  anil 
fractions  of  an  hour,  9.  Of  another  axis  crossing  the  upper  end  of  the  former  at 
right  angles,  called  the  equatorial  axis,  one  end  of  which  ia  enlarged  into  a  circle 
call'd  the  declination  circle,  divided  into  degrees  and  (raotions  of  a  degree,  and 
firmly  fastened  to  the  other  end  of  which,  at  right  angles,  near  the  middle  of  its  tube, 
is  the  telescope.  The  instrument  must  be  so  adjusted  that  vi-hen  the  optionl  aiiis  of 
the  telescope  describes  the  meridian  as  the  jnslFument  moves  upon  the  eqnatorial 
axis  alone,  the  index  of  the  hour  circle  is  at  the  zero,  and  when  the  optical  ruM 
points  to  a  star  in  the  equator,  the  index  of  Ihe  declination  circle  is  at  zero.  Then 
if  the  instrament  be  turned  on  its  equatorial  aiis  till  the  mdex  or  vernier  of  the 
declination  circle  point;  to  the  declination  of  any  celestial  object  as  given  b;  thn 
Nautical  Almanac  or  by  eatalogne,  and  on  its  polar  aiis  till  the  index  of  the  honi 
circle  points  to  the  hour  angle,  which  is  the  di^rence  between  the  right  ascension 
and  the  time  by  the  ^derial  clock,  the  object  will  be  seen  in  the  centre  of  the  tield  ot 


w  of  the  tele'iei 
earth  on  which  th 
of  the  inslrom     t 

by  clockwork   th 
uniform  when  th   f 
In  the  Fraunl   f  r»  ti 
euppDited  at  th       d 
about  which  it        I  < 
lum.    The  vel     tj 


As  it  passes  o 


d     th    t 


,  of  the  field  of  view  by  the  rotation  of  the 


I         g  f  t  the  clock  weightB 

rt  d  I     turn    f         ne  contain?  bill'; 

ht         1      t     ll  a  of  the  frustum 

1    h      b     g  m      h    sides  of  the  Irus 

h   su     in         en  h    f  the  planets,  an*J 

anufacttirer,  Kraunhofer,  rf  Munich. 
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VI, 

for  the  fixed  alatB.  If  the  bar  be  lowered  in  the  Iruslum,  lees  volooJty  will  niaka 
the  Iriotion  equal  to  the  aeeelerating  force.  If  raised,  more  velocity  will  be  required. 
For  each  kind  of  heavenly  body  ilie  lequiaito  velocity  is  determined  by  CKpetiment, 
and  6  permanent  mark  made  where  an  attached  indes  stands. 

Approxunate  adjustment  ia  suffieienl  for  this  inBirument," which  is  ctdinatily  used 

describe,  called 


This  is  an  cyo-pieee  which  screws  on  iii  place  of  the  ordinary  eye-piece  of  tho 
telescope,  and  consists  of  a  circle  of  brass  about  four  inches  in  diameter,  the  piano 
of  which  is  peipendicukr  to  the  optical  axis,  which  passes  through  its  centre.  It  is 
graduated  on  tho  outer  run,  tlie  graduation  being  numbered  to  3S<P.  A  rectangular 
box,  about  one  inch  by  four,  and  the  eighth  of  ao  inch  in  thickness,  is  fitted  to  tho 
circle  in  the  position  of  a  diameter,  at  the  ends  of  which  aro  micrometer  screws, 
which  move  each  one  of  two  parallel  wires  along  a  notched  scale,  the  wires  and 
«cale  being  seen  (when  the  eye  is  applied  lo  the  telescope)  at  the  focus  of  the  object 
glass,  where  also  (he  imago  of  the  heavenly  body  ia  formed.  The  circle  carrying 
the  box  baa  also  a  motion  round  the  optical  axis,  by  means  of  a  screw  projecting 
peipendicularly  to  the  piano  of  tho  circle,  which  acts  as  a  pinion  by  cogs,  in  a  cog- 
wheel of  less  diameter  than  the  circle,  attached  to  the  piece  which  screws  into  the 
telescope  to  which  two  verniers,  90°  apart,  marked  \  and  b,  are  fiimly  lixed. 

To  detennine  ihs  right  ascension  and  declination  of  a  new  heavenly  body,  as  n 
Tomet,  for  instance,  with  this  instrument  in  any  part  of  the  visible  heaven?,  lei  the 
object  be  brought  uito  the  field  of  view  at  the  same  time  with  some  fixed  star,  ono 
whose  place  is  given  by  catalogue,  if  poasible.  Bring  iho  star  to  one  of  the  movable 
micrometer  wires,  and  tarn  the  micrometer  in  position,  J.  e.  round  the  optical  axis 
tilt  the  wire  threads  the  star  m  its  motion  along  its  diurnal  path.  The  wire  is  then 
parallel  lo  the  equator.  Let  the  two  wires  now  be  separated  by  turning  the  micro- 
meter screws  till  one  of  them  passes  through  or  bisects  the  star,  and  the  other  bisects 
the  comet ;  the  number  of  turns  of  the  screw  shown  by  the  notched  scale,  and  the 
fractions  of  a  turn  by  the  screw-head,  will  indicate  the  difTerenoe  in  declination 
Ijetween  the  comet  and  the  star.*    Lcl  the  m  b  d  9 

and  the  transits   of  the  comet  and  star  a  w     w  b         d  h 

Biderial  clock.     The  diiWenee  in  the  times  b      h         IF  b 

ascension  of  the  cornet  and  star.     The  abs      te    gh  d 

the  comet  thus  becomea  known,  if  that  ofh  p     sa     be  k     vi    i   at 

catalogue.    If  (tils  be  not  the  case,  the  sta    m       be  b      gh 
field  of  view  mdicated  by  tho  point  at  whi  d  w  g  es       h 

two  croaaes  thom  when  they  are  mads  to  o  m    d  h  h  d 

the  approsimate  right  ascension  and  deelin  h  b  d  b 

declination  and  hour  circles  and   clock,        h       fii  y 

•  It  will  be  found  convenient  to  make  lb    w  d    b  mm 

operation  with  the  sorewhead  of  one  of  th  m       h  d  be 

ese  moved,  if  possible,  and  read  by  its  screw. 

;  For  methods  nf  ciact  adjuaimcm,  see  Ixind.  Ast.  Sue  Momoiri,  »oi,  IV.  p.  *P5, 
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wder  thai  fis  place  may  be  more  eiaetly  delermliiad  by  obsetTation  willi  tba  ir 
dian  instrunieiila,  the  transit  nnd  mural,  at  soma  subsequent  time- 

The  mierometet  screw  head  is  divided  into  100  parts.  The  value  of  a  sii 
inrn  of  the  screw  in  are  is  determined  by  measaring  the  Jiamoter  of  a  planet,  g 
by  the  Nautical  Almanac  or  the  kni>wa  distance  apatt  of  a  pair  of  stars,  and  1 
by  t!ie  proportion,  as  the  number  of  turns  and  hundced^a  of  a  turn  of  the  micro 
ler  screw  is  to  the  linowa  distance  measured,  so  is  1  to  the  value  of  one  turn. 


The  angle  of  position  of  a  pair  nf  stars  is  the  angle  whiek  the  Tisunl  plane  paSB- 
ong  through  both  the  stars  makes  n'ilti  the  plane  of  the  declination  circle  passing 
through  the  latter  star.  Il  is  estimated  from  the  s.  round  by  the  w.  to  360".  The 
following  is  Capt.  Smyllie's  method  of  observing  position  and  dielanee. 

Bring  the  wires  coinciding  at  the  zero  of  the  scale,  with  the  indes  of  one  screw- 
liead  at  the  zero,  upon  the  line  of  the  two  stars,  so  as  to  bisect  boUi,  and  read  one 
of  the  verniers ;  next  turn  the  instrument  90°  in  pofflCion,  and  measure  the  distance 
of  the  stars  apart;  finaliy  turn  in  position  till  one  of  liie  stars  runs  along  either  of  the 
wires,  and  read  one  of  the  verniers  again,  the  diflbrenoe  between  the  first  and  1^1 
■vernier  reading,  will  give  tiie  angle  which  the  visual  plane  of  the  tw  st  ta  m  t 
with  the  equator,  from  which  the  angle  of  position  may  he  obtained  b 

manner.     In  the  transit  instrument  and  instruments  of  that  claES  the  w  re  m  d 

vieible  at  night  by  a  lamp  placed  at  one  end  of  the  supporting  axis   wl    h  is  I  f 
open  for  the  purpose,  with  a  piece  of  glass  over  it ;  the  light  is  i«cei    d  by  a    m  II 
plane  mirror  in  the  asia  of  the  telescope,  and  reflected  down  the  tub     t     the  w  c" 
In  the  equatorial  instmment  the  horizontal  tube  bearing  the  lens  (col    ed  red)     f 
small  lamp  is  inserted  in  tbe  tube  of  the  telescope,  near  the  wires  of  &  tn      m  t 
.■md  a  reflector  so  arranged  as  to  throw  the  light  on  the  wires. 

When  the  object  to  be  observed  is  so  hinl  as  not  to  bcarillumination,  aring  micro- 
meter is  need.  This  is  a  black  circle  on  a  piece  of  plane  glass  in  the  focus  of  tlie 
object  glass,  with  which  diflerenccs  of  right  ascension  and  declination  are  obtained 
by  noting  the  times  occupied  by  the  t*o  objects  to  be  compared  in  crossing  (ho 
circle.  Half  the  sum  of  the  times  of  dtber  object's  making  the  transit  of  the  cir- 
cumference on  opposite  sides  will  be  the  time  of  ila  passing  the  middle  diameter,  and 
tbe  diflerence  of  the  time  of  passing  the  middle  diameter  by  the  two  objeols  will  he 
their  difference  of  right  ascension. 

For  declination  it  is  necessary  tn  ascertain,  by  experiment,  the  time  of  an  equatorial 
star's  passing  over  a  diameter  of  the  ring,  by  observing  (he  time  of  any  other  star, 
and  multiplying  by  the  cosine  of  tbe  deohnalion.  Then  the  ratio  of  the  lime  occk- 
pied  by  a  Mar  in  passing  over  a  chord  of  the  ting  to  the  time  which  it  would  occupy 
m  passmg  over  the  diameter  is  the  cosine  of  an  angle,  the  sine  of  which  to  the 
radius  of  the  ring  is  the  diSetenee  of  declination  between  the  centre  of  the  ring  and 
the  star.     (For  the  whole  theory  aoe  Aat.  Nach.,  Vol.  8.) 


;e  theodolhe,  with 

nd  vertical  limb.     It  may  be 
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may  be  used  like  tli 
a  star  aearlj'  on  the  meridian,  Ihe 
plime  of  ths  vartioa!  eirela. 
The  foiiowing  is  a  good  form. 


Lith  Bectar,  for  deierinining  latitude  bj' 
having  a  spirit  level  parallel  lo  the 
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Thara  are  five  VBrtJcal  and  five  horiaontfll  wires,  llie  latter  of  which  are  convenient 
for  observing  single  ailitudea,  or  aqnal  allitudea  of  the  sun  for  either  time  or  latilude. 
Ths  mean  of  the  times  of  the  two  limbs  paEsiug  the  five  horizontal  wiicd  ia  taken 
as  the  time  of  tlie  altitnde  uhoivn  on  the  vertical  limb. 

A  very  aoonrata  mode  of  delermiQing  the  true  timo  and  error  of  a  Ume  keeper  is 
by  equalaltitHdej,  morning  and  afternoon.  If  the  eun  did  not  change  hie  decllmi- 
tion  in  tlio  interval  botviieen  the  two  obaervalion?,  half  the  intei-val  in  tunc  added  tu 
the  time  of  the  morning  observation  would  express  the  hour  by  the  time  keeper,  when 
(ha  ann  was  on  the  meridian.  But  as  the  declination  does  change,  a  correction  of 
tha  half  interval  must  he  made,  the  formula  for  which  is 


=  di  {tan 


itip-tiiniei 


oi  J.J 


d  ij  p  ^tho  correction  of  tha  half  interval, 

di  =:  the  change  of  declination  in  tha  half  mterval, 
X  ^  the  latitude  (  —  if  south). 

The  ooriTiction  ia  +  if  the  declination  is  increasing,  and  —  if  decreasing. 

The  time  of  the  sun's  being  on  the  meridian  being  corrected  for  tha  equation  of 
lime  will  give  the  lime  of  mean  noon  by  the  watch,  which  will  show  the  error  of 
the  watch. 

If  a  Blar  be  used  instead  of  the  sun,  no  correction  ia  lequiata  &r  change  of  decli- 
nation, ihe  mean  between  the  two  times  of  observation  must  ha  compared  with  the 
computed  mean  time  at  which  the  star  culminates,  in  order  lo  have  the  error  of  iiie 
time  keepHt, 

If  the  readings  be  taken  on  the  horizontal  circle  at  the  two  tiriiea  of  observation. 


•  Thia  ia  for  er 
rot  thara. 


a  the  divisions  of  the  limb,  tested  by  r 


I  the  micnnoopa 
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.  the  reading  miJway  will  eniiMpond 
tlie  case  af  the  sun,  i«quii 
tbrmala  for  which  is 


the  direction  of  llio  i 
for  change  of  deelii 


n  LATITUDES.    SOfj 

eridiar.     Tha  iilso,  in 
tion  in  the  iiitenra!,  the 


From  the  nature  of  the  astronomic  instromanla,  the  zenith  point  being  delcnnined 
by  a  plumb  Ime,  baaiu  of  mercury,  or  spirit  lovel,  it  follows,  by  the  law  of  gravitii- 
tion,  that  the  line  from  the  station  to  the  zenith  is  a  uonnal  to  the  elliplioal  meridian, 
and  the  angle  which  this  line  makea  with  the  major  aiis  or  equatorial  diameter  will 
be  the  aalronomic  latitude,  or  latitude  dednoed  from  obxerv.ilion.  This  will  be  the 
angle  mba,  in  the  diagram. 


=  obaerved  altitude. 
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The  expression  for  the  subnormal  eq  is 

Bui  tiom  (ho  dj:<gram  we  have  the  proportion 

a'  :  u' ;  :  col  mcq  :  col  mbij 
Bui  if  Ihe  ratio  of  a  to  n  be  taken  as  305  to  3W,  than 
-„  =  -9934 
uud  the  forniui  i  for  eoiweriing  astronouiie  into  geocenirie  latitude  will  he 
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AVI'ESDIX    VI. 


We  liuvo  had  occasion  to  use  an  eitpression  for  Iho  radius  of  ciirvaluro'  of  tiio 
meridian  cL>nsidGTed  as  an  ellipse,  in  lerms  of  ibe  lalilude  of  llie  point  of  tiiu  meti- 
il'iata,  tinder  consideration,  in  various  places  in  the  part  of  lliis  volume  devoted  tu 
Geodesy.     Tiie  following  is  the  mode  of  deriving  it. 

The  oj-dinary  cspteeaion  for  the  radius  of  ciirsatuis  of  tha  ellipse  found  in  elemen- 
Utv  inothemalical  works  is 

^_(..,.+t...ii  ^^1 

in  wliich  a  and  Ir  dunote  tliB  serai-axes  of  tlie  ellipse  jc  and  y,  ino  co-ordinates  of 
tlie  point  at  which  f  is  the  radius  of  ciiivatuFa.  If  X  denote  the  latitude  of  this 
poiut,  since  it  is  the  angle  which  the  noimal  makes  with  (he  major  axis,  we  havo 


But  (e  denoting  llic  excenlrieity  of  tho  elli 


""-^  »■■■■■  ■"•'  =  'ii.TS^ 

b*x^-i-a'lfly'       b'  (i'  g'  +  a"  g')  _ 


(1  — e-ainnjl 
of  thu  Inst  result  lot   tlie   numerator  of  (1)  thai 


'■-  a       (1— E'3in"A)5 
But  froiii  (3)  ii"  =  a=  (1  — c'),  therefore  (3)  bGcome 


The  deviation  of  an  oblate  spheroid  from  a  ephere  is  eipresEcd  by  what  is  termed 

»  Tha  radius  of  curvature  of  a  curve  al  any  point  is  tlie  radius  of  a  circle  haying 
iha  some  curvature  as  the  cun'e  at  that  point. 
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IE  compression  or  oMotcneai.     This  k  the  rnlio  of  ihe  diffi 
he  major  axis  in  symbols,  m  ropreBoiiting  the  obkitencss. 


.-,     i  =  (l  — ^)« 
Bui  (2)  p.  36fi, 


omitling  «-,  whicli  is  a  very  stimll  fraeiioji,  in  consequence  of  the  smallne 


But  from  (4)  p.  SGG,  applying  uiikcr  ihe  binominal  or  MeCI;iuriii'B  theorem  to  ihs 
w^ond  memhor.  we  have 

p  =  a  (1  —  e'  +  5  r  Bin=  X  +  terms  too  small  to  affect  the  result)       (3) 
By  formub  (5)  p.  100,  cos  S*  =  1  —  2  ains  X, 

sin;>,         i  — COS  as 


substituling  iho  second  member  ol'  this  last  in  plate  of  the  fitsl  in  (3),  tJiat  equation 
becomes 

p  =  <(  (1— ^  f'— ■  e-cosSs  +  fcc.) 
or  by  (2), 

p  =  o(l-4«-;^cos9X>  (4) 

If  now  t  denote  the  length  of  a  dogree  meaaured  in  the   latilnde  A,  since  p  is  tha 
radiua  of  the  are  of  (he  meridian  in  that  latilnde, 

2^p         rp 

lience  subaituting  iho  value  of  p  given  by  (4) 

d  =  ^lj  (1  — 1h  — |6,cos2Xi  (5) 

If  i'  denote  the  length  of  a  degree  measured  in  anolher  latitudo  X',  in  a  airaiUi 

J'~l  — iu(l  +  3oo3  2J') 

Performing  the  diviaon  in  the  eecond  member,  and  negleeiing  the  squares  and 
higher  powera  of  m  we  have 

^';  =  I  +  !w{eos2X'  — eos2A) 
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Hencu  tliis  tuU. 

I.  Form  a  Iraction  whicli  aliall  be  \!a6  ratio  of  a  degree  in  one  latilude  to  \\a  excess 

over  II  degree  in  onolher^lalilude. 
±  Fonn  another  fraction,  which  shall  bo  the  raUo  of  unit)'  to  the  difietence  between 

the  cosines  of  tbe  doubles  of  each  Intitude. 
i.  Take  3  of  the  product  of  tiieae  two  fractions. 
The  value  of  m  being  known,  that  of  a  may  he  found  from  (5J. 


t  the  eiiuator  is  i'  =  56*753  t( 

[45'^  J  =  57-0(5S 

.■,     coa2A  =  (l 


"  3    5e'753   ~  15 


be  deduced  a 

IS  follows  :— The  expr. 

Qssioii  for  the  j 

■1  normal 

<f 

■'/+t'x' 

(m)  p.  3!iG,  Ti 

b'         ^- 

whence  tlie  formula  requited. 


diau,  affords  a  very  occnrale  method  of  detormioiug  latitude  or  declination  when 
either  is  known,  by  oteerving  the  times  of  transit  of  tbe  same  star  over  the  prime 
vetlical  on  bolh  sides  of  tbe  seni*.  Slata  nearthe  zenith  are  the  best  for  this  put- 
pose,  as  tne  inietval  between  the  two  transits  is  shortest  for  them,  and  them  is  less 
oppottonity  lot  iuBtrumental  changes  between  the  two  observationa.  The  triangle 
rzs,  whiob  we  have  so  often  used  in  the  preceding  pages,  which  mual,  for  our  presani 
purpose,  be  considered  rigbt  angled  at  z,  and  in  which  p  :=  the  half  interval  between 
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PRIME    VEKTICAl 


the  Uansits,  will  pvoJuce  Ihe  requisite  tbrmiUiK  in  ii.  very  simple  manner.    Tlicy  ai 
JblloH's  : 

009  of  i  interval  reduced  to  mo  X  oot  dec.  ^  ool  lal. 


iall.  =  - 


s.  houf  a 


for  eomputing  the  lalitude  o(  tke  ata^on  when  the  declination  ol  tjia 

d  a  known,  ot  vice  versa,    Tlie  other  two  aro  for  tlia  pnrpose  of  deter- 

hat  altitude  to   set  the  iustnimonl,  aad   at  what  time  to  look  for  the 

an    given  star.     In  the  latter  tw.o  an  approiimale  val  la  of  the  lal  ludo  is 


r         e  deseriptjon  of  a  large  traniat  mstrumenl,  f 
in  the  prime  vertical,  and  having  the  telescope  a 
striding  level  need  never  he  removed  from  the  '  i 

of  the  Pulkova  inatrument,  in  466  of  the  Aslrono  J 

See  also  the  Washington  Aelronomical  ObservaO 
p.  131.     In  those  insIrumonU  ^ere  are  Itt  wues, 
'I'he  ^aneits  are  taken  over  seven,  and  the  inat    mei 
iraoBits  are  taken  over  (he  SHme  seven  m  the  reve 

The  following  is  un  eiatnplo  of  one  ol'  Stra  bs 

leads  upward. 

January  15th,  1843,  a  D 
East  VEimcii.. 
Toleacope  S. 
Wires. 


nod   for 


I. 

55 

8-65 

I. 

55 

44-4 

56  33-35 

V. 

57 

0-6 

I. 

57  40-3 

I. 

17 

SB 

ly-.'i 

Telesc 

pe 

N 

1. 

V. 

IS 

a 

4-0 
45-5 

V. 

3 

12-7 

Tel. 


laN. 


!9  36  17-85 
35  37  ■ 
34  53-35 
34  9-3 
M  94-J 
32  43-1 

13  31  55-6 


It  corrected  for  aiimulh  ei 
N.  18»  43"  41'-13 


Mean   18     48     41 -U9 
knowledge  of  the  distance  of  each  wire  from  the 
f  tbis  diManeo  be  deiioled  by  e  plus  when  the  wire  ii 
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IS  when  it  is  soulii,  we  linve,  I  and  t' 
iniition,  nnd  ^  tJie  Istilade, 


t)  cos  J  sin  f  —  2  sin  I  c 
('  — cosi)  coaisin  J 


I'ormnl.-i  ( IJ  gives  the  declination,  c  being  alimiualcd. 

■'       (2)        "        dislanee  of  lbs  wire  from  the  optical  aii 
Thi!  following  is  the  application  of  (1)  to  the  example  nliovc. 


r. 

» 

in. 

IV. 

v. 

VI. 

Vll.    1 

i'«au-79 

Sl.m 

kA-m 

)4M-69 

IS  b'i-i9 

kVso 

tS  «-J9 

Kl  36-69 

!S!23-C^ 

33  51.5| 

)B50-« 

isaa^oB 

18  55-9( 

4  43-61 

4(1.(13 

S95.as 

Its  13; 

B-'naanm 

0084: 

(Hmi 

OOMT 

»mm5 

ml 

3DI 

HSR 

itmism 

3M5I26 

3SM7SS 

£343721 

2S45TS8 

1H5-BS 

mi 

eas 

„*"! 

— oS 

iP  IV  M" 

sro4 

sif-as 

3B-.0G 

3IH-^1 

If  ^le  ineliiiaciou  of  the  axis  be  denolod  by  i,  which  is  the  mean  of  the  two  ineli- 
iijlions,  telescope  k.  and  telescope  s.,  then  f-\-i  ehouW  be  used  In  place  of  ^  in  the 
above  formnla.?,  or  the  correclioii    for  llio  doolination  should  l>e 


In  the  exainpie  above  it=  59°  IVW-mi 

Correction  for  iuolination  of  axis  di  =^  0    '814 


Observed  declination,  59a  11' 39  -885 
TlindeciinLilionlhiis  (bund  is  exact  only  on  ihehypotheiia  that  the  azimuthof  the  aaia 
iif  rotation  !9  icro.  If  there  he  an  azbnuthu  we  haver  =1-7-—  foitlw  angle  bi  the  pole 
beCvreen  the  true  meridian  and  llie  meridian  of  the  inetmtnenl,  or  circle  of  declination 
p«rpeniticitlar  to  the  circle  described  by  the  optical  asis  of  the  instrument.  The 
instant  of  transit  of  iho  star  over  the  meridian  of  the  instrument  is  tlie  half  suni  0' 
the  limes  of  corresponding  transitB  E.  and  W.    Thua  for  the  star  g  Dra'ionis  »bo»e, 
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PRIME    VERTICAL    TRANSIT. 
Wires.     Telescope  3.  Telescope  N, 


The  iustftdt  of  meridian  passage  p  requires  n  Bmiili  cori-eetion  for  tlie  difTereoco  of 
idcliiialionB  of  the  Hxis  in  tlie  Im'o  verlieala  E,  and  W.  Denoting  the  forinei  by  t, 
and  the  latter  by  i' 

30v'ain(^  +  J)8;n(f  — fl"  "'"  f 
I«oL.r.i.mpL. 

i  =  -!-0"'G87,     i'  =  +0"-im 

.-.    <■  — ;■=— 0"'a3e,  .■.iip=~0"-oa 

and  lieiiee  the  iruo  lime  of  meridian  passage  hy  the  instrument  InEleiid  of  18'  4S" 
41"09,  B3  above,  ie  p- =  IS  4S  41'01. 

If  (  denote  the  right  ascension  of  the  star,  and  e  tJio  error  of  the  elooli,  let  u'  =  « 
—  e  denote  the  lime  of  pttssagB  of  the  alar  over  tha  true  meridinn.  Then,  for  tha 
angle  of  the  two  meridiaas  * 

and  for  [lie  aiiniulli  of  the  axis  of  rotation  reckoned  from  tlie  south  round  by  the 

a  =  15t  an  p,  \a  arc 
With  this  the  covrection   of  iho  ob^ivcd  declination   for  the   itK«  of  rotation 

di=  J  (15n)'fin  l"sinaj 
For  Blara  near  the  xenith  ip  may  he  uBsd  instead  of  i,  and  the  foiniiiia  bsoomezi 
dj  =  J  (ISt)'  sin  l"sina^ 
The  clock  error  in  die  above  eiample  on  15th  January,  IS'  48"  viiste  =      S-31 
The  apparent  right  ascension  of  t  Diaconis  a  =  18'  48"  50-17 

.-.  o'=  I8'4S'"41"8'-i 

.■■  T=--0'>85inlim9,  and  a  =  —  H"'Uin  ara 
Finally  the  corrBclion  of  tiie  declination  it 

iii=;0"'OOOJT 
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N  O  T  E. 
Tlie  forinulii  fm-  rofniction,  gi\  eu  at,  p   146,  deix-nih  •  ii  tlie  woU  ],mn\  i 
afmospherio  refiaction,  ria,  tlmt  it  is  iiearlj  pioporfiodal  to  the  taiigpii 
zeoitli  distance,  nnd  tUorelbro  fur  lorj  Einall  difteicnce^  rf  zeuiili  ilistar 
liortioiml  to  tlic  differeclial  of  flie  tangent     But 

d  tan  xs^ 

i   «.i  iutio.Iu  ing  th.    I 


CONCLUDING  NOTE, 
'I'lui  aiitliiir  liad  designed  giving  tiia  Iheory  of  eclipses  ana  ocoultalions,  wiilj  rl;ei: 
;i|jplication  lo  llie  doteiminatioii  of  longitude,  and  also  Bessel'a  metiiod  of  moasur- 
ing  nn  arc  of  the  meridian  j  bat  ns  loiigitudd  by  moon  eliminations  is  the 
lietter  mode,  and  as  measnieraenU  of  the  mmidian  nro  not  at  jiraaonl  tBing  owrriuJ 
on  or  immediately  oonlemplaled  in  tliis  coonlry,  it  was  tlioughl  expedient  not  tp 
Increase  tne  size  of  a  work  intended  for  very  genera!  use.  Ae,  however,  tlie  mettiod 
tiy  oacullntions  requires  only  a  eornniiiii  telescope  and  a  good  timepiece,  the  readei 
ia  refeiTed  lo  tlie  Appendix  of  tlie  Nautical  Almanac  foe  183fi,  pp.  134  and  145,  k-r 
the  neceaaary  formulas,  and  an  osnmple  of  the  eiiiiiputiilion  of  loiigiiuil.!  iiy  sa 
ocaullation.     (See  alto  Ixie's  Tables  and  ForiiiidnPj  ji.  TS.  i'iiil  Ilf.) 
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TABLE  I.                        tPaae  1 

Difference  of  Latitude  and  Departure  for  J  Point.  ,'.,•■;,.,,> 
H.iE.                  N-iW.        S.iE.        S,iW. 

Disi. 

LbI. 

Dcp. 

Disl. 

Lat. 

Dap. 

Dist. 

Lat. 

Dep. 

Dist. 

Lat. 

Dep. 

Dist 

Lai. 

Dap.| 

3 
4 
5 
6 
7 
8 

.2 

o3 
o4 
o5 
o6 

09 

I 

i 

3 
3 
4 
4 
5 

62 

63 
64 
65 
66 

6, 

61 
62 
63 
64 
65 
66 
67 
68 
69 

9 
9 
9 
9 
9 
9 
9 
9 
9 

9 

o3.o 
o3.i 
o3.i 
o3.2 
o3.i 
o3.3 
o3.3 
03.4 
o3.4 

'22 

23 

24 

25 

26 

"3 
J=4 
125 
126 

128 
129 

9 
9 
9 

o5 
06 
06 
06 
q6 
06 
06 
06 
06 
06 

9 

3 
3 
4 

.Hi 
82 
83 
84 
85 
86 
87 
88 
89 

180 
181 
.82 
.83 
.84 
i85 

■8- 

I89 

8 

8 
8 
8 
8 

09 
09 
09 
09 
09 
"9 
09 

9 
9 

3 
3 

24. 

% 

44 
45 
46 
47 

1 

240 
241 
242 
243 
a44 
245 
246 
247 

248 

249 

7 
7 
7 
7 

7 

9 
■9 

3 

'.I 

.5 
'9 

i3 
i4 
i5 
i6 

iB 

0 

^ 

5 
6 
6 

7 

9 
9 

1 

76 
79 

70 

?! 
73 
74 

78 

79 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

o3.5 
o3.5 
o3.6 
o3.6 
03.7 
03.7 

03^8 
«3-9 

i3i 

32 

33 
34 
35 
36 

ll 

i3o 
i3i 

l32 

j33 
i34 
i35 
1 36 

.39 

8 
3 
8 
8 

8 

06 
06 
06 
06 
06 
06 
06 
06 
06 
06 

4 
5 
5 
6 
6 

9 

191 
9= 

la' 
99 

190 
.9. 

'I 
'Si 

196 
197 
.98 
199 

6 
8 

8 
8 

09 
09 
09 
09 
09 
09 
09 
09 
09 
09 

4 
4 
5 
5 
6 
6 
7 

I 

8 

52 

53 
54 
55 
56 

% 

25. 
252 

253 
254 
255 
256 
257 
258 
259 

7 

7 
7 
7 

7 

4 
4 
5 
5 
6 
6 
7 

a3 
s4 

i 

23 
24 
25 

26 

I 

^1 

3 
3 
4 
4 
5 

8. 

83 
84 

86 

69 
90 

80 
81 

83 

S4 
85 
80 

89 

9 
9 
9 
9 
9 
9 
9 

9 

9 

04.0 
04.0 
04. 1 
o4.i 
04. a 
04.2 
04.3 
04.3 
04.4 
o4.4 

i4i 
42 

43 
44 
45 
46 

% 
t 

140 
i4i 
142 
143 
i44 
145 
i46 

'47 
.48 
t49 

8 

od 

07 
07 
07 

9 

3 
3 
4 

o3 

04 
o5 
06 

09 

ao3 

204 
205 

206 

208 
209 

8 
8 

7 

09 
09 

9 
9 

3 
3 

62 
63 
64 

65 
66 

69 

70 

2bo 
26. 
262 
263 

264 

a65 
a66 

2^ 
269 

7 
7 
7 
7 

7 

8 
9 
9 

3a 
33 
34 
35 
36 

ll 
39 
4o 

32 

33 
34 
35 
36 

ll 
39 
40 

° 

q! 

6 
6 

B 
9 
9 

9' 
99 

90 
9' 
|3 

94 

90 

9 
9 
9 
9 
9 
9 
9 
9 
9 

04.5 
04.5 
04.6 
o4.6 
04.7 
04.7 
04.8 
04.8 
04.9 
04.9 

52 

53 
54 
55 
56 
57 
58 

^ 
60 

i5i 

l52 

i53 
i54 
i55 
i56 

:^ 
.59 

8 

i 

5 
8 
8 

07 
07 
07 
07 
07 

4 
5 
5 
6 
6 
7 

I 

8 
0 

.3 
.4 
i5 
16 

;8' 

19 

\\\ 

a.4 

2.5 

2.6 
219 

7 
7 
7 
7 

So 

4 
4 
5 
5 
5 
6 
6 
7 

I 

27. 

i 

78 
79 

270 
271 

V,l 

174 
275 
276 

278 

7 
7 
7 

3 
3 
4 
4 
5 
5 
6 
6 
7 

4i 

il 

44 
45 
46 

47 

48 

4i 
4i 
42 
43 
44 
45 
46 
4? 
48 

49 

9 
9 
9 
9 
9 
9 
9 
9 
9 

01 

3 
3 
4 
4 
5 

o3 
04 
o5 
06 

oB 
09 

Io3 
104 
io5 
106 

.09 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

o5,o 
o5.o 
o5.i 
o5.j 
o5.a 
o5.2 
o5.3 
o5.3 
o5.3 
o5.4 

63 
64 
65 
66 

S 

69 

70 

160 
161 
162 

.63 
.64 
i65 
.66 
.67 

!69 

3 
8 
8 
8 
8 
i 

5 

i 

08 
08 
08 
08 
08 
08 
08 

9 
9 

3 
3 

23 

24 

25 

26 

27 

28 

223 

224 

225 
226 

Vi 

229 

7 

7 

\° 

9 

9 

83 

64 
85 
86 
87 

89 
90 

28. 
282 

284 
285 
286 
287 

^ 

9 
9 

5( 

52 

53 
54 
55 
56 
5? 
58 

5i 

55 

53 
54 
55 
56 

ll 

S9 

9 
9 
9 
9 

9 
9 
9 
9 
■J 

03 

6 
6 
6 

7 

S 

8 
9 

i3 
t4 
i5 

18 
■9 

n3 

.16 
119 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

o5.4 
o5.5 
o5.5 
o5.6 
o5.6 
o5.7 
05.7 
o5.8 
o5.8 

171 

73 
74 

,1 

173 
.74 

179 

i 

8 

8 
8 

08 

08 
08 

o3 
08 
08 
08 

4 
4 
5 
5 
6 
6 

8 
8 

3a 
33 
34 
35 
36 
37 
38 

32 

230 
23. 
232 

233 

234 

a35 
236 
237 
238 
239 

7 
7 

" 

6 
6 

7 

I 

291 
93 

t 

290 
29. 
292 
293 
'94 

% 

299 

6 
6 
6 
6 
6 
6 
6 
6 
6 

3 
4 
4 
5 
5 
6 
6 

DIst. 

D.P. 

Lat. 

Dist 

n™. 

1.01, 

Dist. 

Dfp. 

Lhi. 

Dist. 

Dep. 

Lat. 

Dist 

Dep. 

La..) 

i;,iN,        i;.|S.        W.JN.  ■       W.JS.     [For  7|  Points.  ( 
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i^e«si                   TABLE  I. 

Difference  of  Latitude  and  Departure  for  J  Point.-  ''  •'■■"'■  ^'' 
M,4E,        N.iW.        S.JE.         S.JW. 

111«., 

l,.l 

ner. 

n;»t.. 

l,ai. 

Dep. 

Disl. 

La.. 

Dep. 

Dist. 

Lat 

Dep. 

Disi. 

La,. 

!>.p.| 

3 
4 

5 
6 

8 
9 

o3 
04 
o5 
06 

08 
09 

I 

i 

9 

61 
6a 
63 
64 
65 
66 
67 
68 
69 

60 
61 
6a 
63 
64 
65 
66 
67 
68 
69 

7 
7 

7 

06 
06 
06 
06 
06 
06 
q6 
06 

I 

23 

24 
a5 
26 

'^ 

Z 

123 

124 
126 

139 

4 

4 

4 
4 

4 
4 
4 
4 
4 

9 

3 
4 
4 
5 
6 

8a 
S3 
84 

87 

89 
90 

i3i 
i8i 
i83 
.84 
i85 

187 

la. 

17 

,8 
,8 
,8 
18 
,8 
18 

8 
9 

3 
4 
5 
6 

24) 

43 
43 

44 
45 
46 
■47 
48 

t 

239 
240 

24, 

342 
243 

:« 

346 

3 

B 

3 
8 
8 

8 

33 
33 
23 

34 
34 
34 
34 
24 

8 
9 

3 
4 
5 

i3 
i4 
i5 
i6 

;^ 

^3 
z4 
=5 

36 

s8 
1^ 

i3 
14 
i5 
16 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

i 

73 

74 

75 
76 

70 
71 

76 

19 

7 

6 
6 
6 
6 
6 
6 
6 
6 

07 
07 
07 
07 

07 
07 
07 

32 

33 
34 
35 
36 

u 

39 

4o 

I  do 
i3i 

l32 

i33 
i34 
i35 
i36 

;s 

■  3« 

4 
4 
4 
4 
3 
3 
3 
3 
3 
3 

i3 
i3 
i3 
i3 
i3 
r3 
i3 
j3 

9 

3 
4 
5 
6 

7 

191 
9' 

99 

190 
191 

in 
.94 

t 

199 

I 

'9 
'9 
'9 
•9 
'9 
<9 
'9 

8 
9 

3 
4 
5 
6 

52 

53 
54 
55 
56 

U 

25l 
353 

353 

354 

255 
356 
257 
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8 

8 
8 

3A 

24 
24 

a4 

25 
25 
25 
25 
25 

j5 

6 

8 
9 

3 
4 
5 

a3 

24 

35 

=6 
28 

9 
9 
9 
9 
9 
9 
9 
9 
9 

i 

5 
6 

81 

8a 
83 
84 
85 

5 
89 

go 

81 
82 
83 
84 
85 
86 
87 

89 

6 
6 
6 
6 

6 
6 
6 
G 

oS 
08 
08 
08 
08 
08 

08 
08 

i4i 
42 
43 
44 
45 
46 

% 
t 

,40 
til 

\% 

144 
145 

il 
.49 

i 
3 
3 
3 
3 
3 
3 
3 
3 
3 

Id 
i3 
14 
i4 
i4 
14 
i4 
14 
■4 
14 

9 

3 
4 
5 
6 

7 

o3 

06 

^^ 
09 

ao3 

204 

=o5 
206 

2d8 
309 

I 

19 
■9 
'9 

8 
9 

3 

4 
5 
6 

36, 

63 

63 

i 
69 

2 

26, 
263 
263 
364 
365 

267 
268 

7 
7 
7 
7 

7 
7 

7 

35 
35 
35 

26 
26 
26 
26 
26 

9 

3 

4 
5 

3t 

3j 
33 
34 
35 
36 

39 

40 

3o 
3i 
3= 
33 
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35 
36 

U 

3g 

J 

i 

i 

o3 
o3 
o3 
o3 
o3 
o3 
o3 
o3 
o3 
03 

3 
4 
5 
6 

I 

9 

9' 
95 
93 
94 

99 
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9' 

% 

99 

6 

6 
6 
5 
5 
5 
5 
5 
5 
5 

09 
09 
"9 
09 
09 
09 
09 
09 
09 

\ 

i5i 
5i 
53 
54 
55 
56 

S 

i5i 

l52 

i53 
i54 
i55 
1 56 

:^ 
.59 

3 
3 
3 
3 

14 
14 
i5 
.5 
i5 
i5 
15 
i5 
i5 
i5 

9 

3 
4 
5 
6 

i3 

14 
i5 
16 

3,3 

a,4 
a,5 
216 

317 

9 
9 

I 

I 

9 

3 
4 
5 
6 

73 
74 

3D9 
370 
27, 

Bl 
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375 
376 

278 

7 
7 
7 
7 
7 

2b 

26 

a6 
a6 

'7 

6 

I 

9 

3 

4 

4i 
4i 
43 
44 
45 
46 

% 

it 

40 
4i 
42 
43 
44 
45 
46 
4? 
48 
49 

s 

8 
8 
8 
8 
8 
J 

8 
8 

04 
04 
04 
o4 
o4 
04 
04 
04 
04 
04 

o3 

04 

06 

08 
□9 

io3 
104 
io5 
106 
J07 
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5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

05 

62 
63 

g 

69 
70 

161 
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.64 
i65 
166 
167 
168 
i6q 

i5 
i5 
16 
16 
j6 
i6 
16 
16 
16 
16 

9 

3 
4 
5 
6 

23 

24 
a5 

119 
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=  34 
235 
236 

9 
9 
9 
9 
9 
9 
9 
9 
9 
<> 

23 

9 

3 

4 
5 

381 
82 

83 
84 
85 

87 

89 

i 
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287 
aB8 

6 
6 
6 
6 
6 
6 
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6 
6 
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27 

38 
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38 

38 

6 
9 

3 
4 
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5s 
53 
54 
55 
56 

1 

5o 
5i 

53 

53 
54 
55 
56 

S9 

8 

o5 
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o5 
o5 
o5 
o5 
o5 
o5 
o5 
o5 

IK 

ii4 
ii5 
ri6 

iit 
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5 
5 
5 
5 
4 
4 
4 
4 
4 
4 

9 

6 

7 

171 
72 

i 

78 

170 
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i 

179 

16 
16 
17 
17 

17 

8 
9 

3 
3 
4 
5 
6 

23, 
32 

33 
34 
35 
36 
37 
38 

i 

23, 
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234 
235 
236 
237 
238 

9 
9 
9 
9 
9 
9 
9 

§ 

8 

23 
33 
33 

=3 
a3 

23 

6 
9 

3 
4 

39, 
?3 

i 

96 

IS 

Dial 

389 
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29, 
293 
393 
294 
295 
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6 

6 
6 
6 
6 
6 
6 
6 
6 

38 

38 

38 

a8 

29 
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29 
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9 

3 

4 
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TABLE  I,                                               ir«a^3 
Difference  of  Latitude  and  Departure  for  ^Poim.--:-  -   '. 
N,|E.                   N.|W.                    S.|E.                      S.|W. 
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Disl 
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Dial. 

Lai. 
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5 

9 
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5 
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5 
6 

I 

9 
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o4 
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o5 
o6 

09 

9 
9 
9 
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9 

i 
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9 
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5 
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66 

69 
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61 
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65 
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3 
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3 
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09 
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09 
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5 

3 
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24 

25 
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28 

It 
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7 
7 
7 
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6 
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6 

5 
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18 
19 
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9 
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9 

82 
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84 
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86 
87 

89 
90 
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26 
27 

27 

27 

9 
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6 

9 
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it 
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36 

i4 
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l6 

>9 

j3 
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i6 

IS 

'9 
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9 

t 
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8 
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8 
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73 
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79 
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6 

9 
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6 
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5 

'9 

19 
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5 
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5 
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93 

$ 
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% 
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9 

1 

8 

28 
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29 

3 
5 
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9 
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56 
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36 
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37 
37 

is 

38 
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4 

6 
9 

23 

=4 

1 

11 

24 
25 

26 

11 

29 

8 
8 
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7 
7 
7 

7 
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o3 
o3 
o3 
o3 
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04 
04 
04 
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5 
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4 

83 

84 

85 
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C 

7 
9 
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8 
8 
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8 
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7 
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29 
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3o 
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3o 
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9 
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5 

8 
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64 
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66 
67 

69 
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38 
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4 

6 
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9 
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6 
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38 

4i 
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43 

1 

47 
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^^ 
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32 
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36 
37 
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46 
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49 
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5 
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04 
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o5 
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06 
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07 
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6 
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9 

3 

9. 
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6 
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5 

52 
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56 
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l57 
l58 

4 
4 
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9 
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7 
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6 

3i 
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3i 
3t 
3i 
3i 
3i 
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32 
32 

3 

4 
5 
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3 
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7^ 
73 

'4 

76 
78 
79 

268.1 
169.1 

273:0 
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275.0 
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1 

40 
40 
40 
40 
40 
40 
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9 
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5 
6 

9 

o3 
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o5 
06 

09 

99 
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9 
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9 

t 
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8 
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i5 
i5 
i5 
i5 
i5 
i5 
.5 
i6 
z6 
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6 

S 
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62 
63 
64 
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66 

S 

6, 
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162 
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i65 
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168 

23 
23 

24 
24 
24 
24 

2d 

24 
24 

6 
8 
9 

4 
5 
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9 

23 

24 

25 

26 
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It 
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6 
6 
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6 
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5 
5 
5 

da 
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32 
32 

33 
33 
33 
33 
33 
33 

4 
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9 

3 
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6 

83 
84 
85 
86 
87 

89 
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278.9 
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283!  9 
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41 

4i 
41 

4t 
41 

4= 
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42 
4a 

4 
5 

3 
4 

6 

5. 
5^ 
53 
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55 
56 
5? 
58 
59 
6d 

5o 
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5a 
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54 
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56 
57 
58 
5q 

1 

4 
4 
4 
4 
4 
4 
4 
4 

07 
07 
07 

08 

08 
08 
08 

5 
6 

9 

4 
5 

7 

i3 
i4 
i5 
16 

■9 

'°9 
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114 
ii5 
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7 
7 

16 
16 
16 
16 
17 

3 
4 
6 
7 
9 

3 
5 
6 
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i 

78 
79 
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ii 
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1 

25 

26 
26 
26 
26 

4 
5 

8 

3 
4 
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32 

33 
34 
35 
36 
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5 
5 
5 
5 
4 
4 
4 
4 
4 

34 
34 
34 
34 
34 
34 
34 
35 
35 

9 

3 
5 
6 

9 
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91 
93 
94 

S. 
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291.8 
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43 
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44 
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6 
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P«B«*]                                               TABLE  1. 

Difference  of  Latitude  and  Departure  for  1  Point.     //    '''> 
NbyE.                      K.byW.                     S.byE.                    S-byW. 
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Lai, 

Dep, 

Dial 

LaL 

D«p. 

Dial 

Lat. 

Dep. 

DIsi 

Lai. 

Dep. 

DIst 

l.at. 

Dep.| 

3 
4 
5 
6 

9 

04.9 

1 

09.0 

6j 
63 

64 
65 
66 
67 

69 

bi. 
63. 
63. 
64. 
65. 
66. 
67. 
.68. 

1 1. 9 

12.5 

.2.7 
7   i3!3 

23 
34 
25 
36 

i 

118.7 

\Z:l 

121.6 

122.6 

(23.6 
(34-6 
125.5 
136.5 
137.5 

23 

=3 
24 
24 
34 
24 
24 

25 
25 
25 

6 
8 

4 
6 
8 

4 

83 

li 

86 

89 
90 
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180 
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184 
185 
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6 
5 
5 
5 
4 
4 
4 
4 
4 
3 

35.3 
35.5 
35.7 

i:? 

36.3 
36.5 
36.7 

3I:? 

241 
42 
43 

44 

1 
S 

236.4 
237-4 
238.3 
239.3 
246.3 
241.3 
242.3 

243.2 

244.2 

245.2 

47 
47 
47 

47 

1 

4E 

i3 
14 
i5 
i6 

i8 
'9 

i3.7 
16.7 

19.6 

o3 
o3 
0.3 
o3 

71 

75 
76 

78 

S 

69. 
70. 
71- 

73: 
74. 
75. 
76. 

78- 

.   13.9 
5    14.0 

l4.2 

14.4 
(4.6 
14.8 

l5.Q 

i5.a 
i5.4 
[5.6 

,3, 
3= 
33 
34 
35 
36 
37 
38 

128.5 
■  29.5 
.30.4 
i3i.4 
133.4 
i33.4 
i34.4 
i35.3 
136.3 
,37.3 
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25 
25 

26 
26 
26 
26 
26 
27 
27 

6 
9 

3 

5 

9 
3 
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9? 
93 

H 
99 
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.89 
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;p 
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3 
3 
3 
3 

I! 

39:0 

25l 
52 

53 
54 
55 
56 

57 
58 

246.2 
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252.1 

253. 0 

254.0 

255.0 

1 

5o 
5o 
5o 

23 

M 

20 

It 

11.6 

aj.6 
23.5 
14.5 
j5.S 
26.5 

s-i 

29.4 

1)4 
04 

d4 
o5 
o5 
oS 
o5 
o5 

83 
84 
85 
86 
87 
88 
89 
90 

i- 
83! 

83.4 

84.3 
85.3 
86.; 

88!! 

i5.B 
16.0 
16.2 
16.4 
(6.6 
16.8 
17.0 
17.2 
17.4 
17.6 
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42 
43 

46 

1 

i38.3 
139.3 
,40.3 
141.2 
142.2 
143.2 
i44-3 
145.3 
146.1 
147-1 

28 
28 
28 
38 
38 
29 
39 

9 

3 
5 
7 
9 
3 

04 

o5 
06 

08 
09 

.97 
198 
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203 
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2o5 
206 

■ 

39.3 
39.4 
39.6 

40.0 

4o.2 

40.4 

40.6 
4i!o 

2O1 
63 
63 
64 
65 
66 
67 
68 
69 

i56.o 
257.0 
257.9 
258-9 
259.9 
260.9 
261.9 
262.9 
263 .8 
264-8 

32 

33 
34 
35 
38 

U 

39 
4o 

3o.4 

3i.4 
32.4 
33.3 
34.3 
35.3 
36.3 

Hi 
39.2 

06 
06 
06 
06 
07 
07 
07 
07 
07 

I 

9' 
9^ 
93 

96 
97 
98 
99 

89.3 

90. 2 
91.1 

i- 

96. 
97- 
98. 

18.3 

.8.5 

(8.9 
19. ( 
.9.3 
19.5 

53 

53 
54 

55 
56 

S 

148.1 

\t\ 
[5i.o 

152.0 

,53.0 
i54.o 
155.0 
155.9 
(56.5 

29 
29 

^ 

3o 
3o 
3o 
3o 
3i 
3i 

5 
8 

4 

i3 
14 
i5 
(6 

11 
"9 

208 
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ul 
ai4 
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9 
9 
9 
9 
9 

3 

4<'.4 
41.6 
41.7 

1::? 

4a  .3 
42.5 
43.7 
43.9 

271 

'^ 
74 

75 
76 

It 

265.8 
266.8 
267.8 
268.7 
269.7 
270.7 
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274.6 

53 
53 
54 
54 
54 
54 

11 

44 
45 
46 

47 

1 

40.3 
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43.5 

43.3 
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45.1 
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49:0 

oQ 

08 
08 
09 
09 
09 
09 

I 

4 
6 
8 

o3 
04 
o5 
06 

:i 

09 
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30.1 
20.5 

20.9 

■ii'.i 

31.5 
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62 
63 
64 
65 
66 

% 
69 
70 

(57-9 

159.9 
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161.8 
162.8 
i63.8 
164.8 
i65.8 
166.7 

di 
3i 
3i 

32 
32 
32 
33 
32 

33 
33 

4 
6 
8 

4 
6 
8 

23 

24 

35 

26 
28 

g 

ai6 

IS 

219 
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224 
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8 
7 

7 

6 
6 
6 
6 

43.1 
43.3 
43.5 
43.7 

S:? 

44-3 
44.5 
44.7 
44.9 

82 

83 

84 
85 
86 
87 

89 
90 

275.6 
276.6 

376:5 

Si 

281.5 
382.5 

283.4 
284.4 

55 
55 
55 
55 
55 
56 
56 
56 
56 

5i 
53 
54 
55 
56 
57 
58 

g 
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09 
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3 
5 

' 
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5 

11 

i4 
i5 
16 

'9 
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32.6 
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23.0 
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.3.4 
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?1 

74 
75 
76 

It 

167.7 
.68.7 
169.7 
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33 
33 
33 
34 
34 
34 
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34 
35 

4 
6 

> 

3 

5 

7 
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33 
34 
35 
35 

i 
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in 

5 
5 

5 
5 
5 
4 
4 
4 
4 
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45.3 
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46.0 
46.2 
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46.6 
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t 
3^ 
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286.4 
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57 
57 
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58 
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Dlst. 

L... 
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3 

5 
6 

8 
9 

o3 
o4 
o5 
o6 

oB 
09 

9 
9 
9 

5 

5 
9 
4 

6j 
63 

% 

66 
67 

fi9 

6t 

65 

63 
64 
65 
66 
66 
67 

I 

14 
i5 
i5 
i5 
i5 
16 
16 
16 
i6 
17 

3 
6 

3 
5 

a3 
24 

25 

26 

m.3 

12312 

ia4.a 

125.1 

1 36. 1 

'9-4 
2^.6 
39.9 
3o.i 
3o.4 
3o.6 

!::? 

3.-3 
3i.6 

181 
82 
83 

84 
85 
86 

89 
90 

;^ 
181 
182 

i83 

.84 

6 

44 
44 
44 
44 
45 
45 
45 
45 
45 
46 

5 

4 
9 

2/11 

42 
43 

44 
45 
46 

47 

48 

236-7 

'Mi 

239.6 
a4o.6 
241-5 
242.5 

58.8 

|:S 

59.5 
59.8 
60.0 
60.3 
6o-5 
60.7 

r3 
i4 
i5 
i6 

;s 

'9 

i3 
14 
i5 
16 

lE 
19 

6 
6 
6 
6 
5 
5 
5 
4 
4 

o3 
d3 
o3 
o3 
04 
04 
04 
04 

7 

9 

4 
6 
9 

4 
6 
9 

73 

74 

75 
76 

68 
69 
70 

7^ 

76 

17 

18 
18 
iS 

'9 
'9 
19 

5 
5 
4 

i3i 

32 

33 

36 
37 
38 
39 
40 

nil 

■3=-9 
133.9 

i34.a 

i35.8 

32:1 
3^.3 
33.6 
32-8 
33.0 
33.3 
33.5 
33 -S 
34.0 

191 

1 

i 

96 
97 
98 
99 

i85 

^87 

I89 
J90 
191 
192 

;§ 

46 
46 

47 
47 
47 

% 

48 
48 

4 

7 

9 

4 
6 
9 

4 
6 

52 

53 
54 
55 
56 

S 
1 

244.4 
245-4 
246.4 
247-4 
a48-3 
249.3 
250.3 
a5i-2 

252.2 

61.2 
61.5 
6.-7 
63.0 
6a. 5 

63  [7 
62.9 
63. T 

24 

3=^ 

a4 

25 

26 
a? 
a8 
59 

4 
3 
3 
3 
3 

05 
o5 
o5 
o5 
06 
06 
06 
06 
07 

3 
6' 
8 

3 
6 

3 

Bi 
82 
83 
84 
85 
86 
87 

89 
90 

78 
s 

Si 

83 
84 
85 
86 

6 

'9 
'9 

7 
9 

4 

9 

4 

6 
9 

Mi 

4j 
43 
44 
45 
46 

ii 
it 

i36.8 
137.7 
138-7 
139.7 
140.7 
i4i.6 
i4a.6 
143.6 
144.5 
145.5 

34.3 
34.5 
34.7 
35.0 
35.2 
35.5 

Itl 

36.2 
36.4 

o3 
04 
o5 
06 

09 

1 
,96 

199 

ao3 

9 
9 
9 

I 
8 

Z 

49 

t 

5o 
5o 
5o 
5i 

3 
6 

3 
5 

0 

2bi 
6a 
63 
64 
65 
66 
67 
68 
69 
70 

254-1 
a55-i 
a56-I 
257.1 
258.0 

2:S 

260.9 

63.4 
63-7 
63-9 
64.  T 
64.4 
64.6 
64-9 
65.T 
65.4 
65.fi 

3, 

33 

33 
34 
35 
30 
37 
33 

30 
3i 
3i 
33 
34 
34 
35 
36 
37 
38 

9 
9 

07 

08 

oS 
08 
09 
09 
09 
09 

8 

3 
5 

7 

5 

7 

9' 
99 

SB 
89 
90 
91 

^ 
t 

96 

97 

23 
23 

j3 

23 

24 
24 

4 

3 
6 
8 

3 

52 

53 
54 
55 
56 
57 
58 

^' 
60 

.46.5 
147.4 
148.4 
149.4 
150.4 
r5i.3 
i5).3 
1 53. 3 
i54.2 
i55.3 

'it 
P 

II:? 

38-4 
38.6 
38.9 

i3 
i4 
i5 
:6 

'9 

ao4 

205 

206 

208 

209 
ai3 

6 
6 

6 
5 
5 
5 
4 
4 

61 
5i 
5i 

52 
52 
52 
52 

53 
53 
53 

3 
5 
8 

5 
5 

271 

5 

76 

263 !? 
a64.8 
e65.8 
a66-8 

?■; 

27o'.6 

271.6 

66- i 
66.3 
66.6 
66.8 
67- T 
67.3 
67.5 
67.8 
68.0 

4i 
4i 
43 
44 
45 
46 

ii 
it 

1 

4' 
42 
43 
44 
45 
46 

47 

48 

a 

7 
7 

i 

6 

5 
5 

4 
9 
4 
9 

o3 

o4 
o5 
06 

^8^ 
09 

99 

lo3 
104 

!05 

106 

9 
9 
9 

8 

24 
24 

25 

a5 

25 
25 

:.6 
26 
26 
26 

5 
8 

3 
5 
6 

5 

7 

16. 

02 

63 
64 
65 

67 
68 
69 

157.1 
i58.i 

]t: 

161.0 
162.0 

163.0 
163.9 
164.9 

1! 

40.3 
4o.6 
4o.8 
41.1 
4i.3 

23 

H4 

25 

26 

28 
39 
3o 

ai4 
1.5 
21O 

219 

223 

4 
3 

3 
3 
3 

63 
53 
54 
54 
54 

55 
55 
55 

9 
4 
9 
4 

5 

28 1 
8a 
83 
S4 
85 

87 

89 
90 

273:5 
274.5 
275.5 
276.5 
277.4 

279-4 
a8o.3 

|;o 
09.2 

P.5 
69.7 

7o!5 

5. 

52 

53 
54 
55 
56 

U 

g 

5i 

52 

53 

n 

56 

5 
4 
4 
4 
4 
3 
3 
3 

i3 
i3 
i3 
i3 
i4 
U 
i4 

4 
6 
9 

4 
6 

3 
6 

t3 
i4 
i5 
16 

'J 

'9 

109 

ii3 
114 
1(5 
116 

I 

6 
6 
6 
5 
5 
5 
4 
4 

a7 
27 

27 

28 
28 
aS 

29 

5 
9 

4 
7 
9 

73 

74 
75 
76 

11 

It 

165.9 
166.B 
167.8 
i68.8 
169.8 
170.7 
171-7 
172.7 
173.6 

174.6 

41.5 

42;o 
42.3 
42.5 
42.8 
43.0 
43.3 
43-5 
43.7 

32 

33 
34 
35 
36 
37 
38 

% 

224 
235 
226 

r.s 

228 

v& 

23l 
232 

9 
9 

56 
56 
56 
56 

Ii 

58 

4 
6 
9 

3 
6 

3 

291 

1 

i 

96 
97 
98 
-,99 

3co 

383.2 

384.2 
385.  a 
286-2 
287.. 
aB8.< 
289.1 
290.0 
a9i.o 

71^4 
71-7 
71.9 

72:9 

Hisi 

Dep, 

Lat. 

Disi. 

Dep. 

T-a:. 

ma 

d™. 

Lal- 

Di!l 

Dep. 

Lat. 

Disl 

Dep. 

Lai. 

E,N.E,iE.         E.S.E.JE.          W.N,W.|W.          W.S.W-IW.          [For  6|  Pointa.      | 

ioogle 


F=e=6]                                               TABLE  I. 

Difference  of  Latitude  and  Departure  for  1|- Points.    .      ,■'...■ 
N.byE,4E.                H.byW,iW.                 S.bjE.iE                 S.byW.iW. 

Uiat,!  Lat. 

Ifep, 

Disi 

Lat. 

D.p. 

Disl 

La.. 

Dep 

Dist 

Lat. 

Dep. 

Disl 

Lat. 

Dcp.| 

3 
4 
5 
6 

■    8 
9 

o3 
o4 
o5 
o6 

08 

3 
6 
9 
5 
7 

3 
6 

61 

63 

63 
64 
65 
66 
67 
68 
69 

58 

£ 

61 

63 

63 
64 

65 
66 
67 

18 
18 

■9 
■9 
>9 

3 
9 
4 

3 

a3 
34 

25 

36 
27 

ii5,8 
116. 7 

i 

131.5 
133.5 

ia3.4 
124.4 

35.4 

i:; 

36.3 
36. e 

p:: 

37. 

181 
82 
83 
84 
85 

87 
90 

173 

1 

179 

180 

5a. 5 
5a  .8 
53.1 
53.4 
53.7 
54.0 
54.3 
54.6 

341 
43 
43 

44 
45 
46 

47 

48 

t 

330.6 
33i.6 
33=. 5 
233.5 
334.5 
335.4 
236.4 
237.3 
238.3 
239.2 

70 
70 
70 
70 

72 
72 
72 

5 
8 

4 

3 
6 

i3 

i5 
16 

'9 

i3 
t4 
i5 
16 

iS 

o3 
o3 
o4 
04 
04 
o4 
o5 
o5 
o5 

71 

73 
74 
75 
76 

78 
79 

69 
70 

71 

i 

6 
6 

33 

6 
9 

5 
8 

4 

9 

i3i 

33 

33 

li 

36 
37 
38 

It 

ia5.4 
136.3 
137.3 

;£ 

i3i.i 
i3j.i 
!33.o 
134.0 

3b. c 
38. 
38  .f 

?:' 
Ill 

40. 
40.3 
40.6 

191 

1 

99 

i83 
184 
i85 
186 

III 
189 
190 
191 

55.4 
55.7 

56.0 
56.3 
56.6 

?iX 

57.5 
57.8 
58ii 

abi 

53 

53 
54 
55 
56 
57 
58 

2 

340. 3 
341.1 
343.1 
243.1 
244.0 
345.0 
245.9 

346-9 

348  la 

73 
73 
73 
74 
74 
74 

74 

75 
75 

9 

4 

7 

3 
6 
9 
5 

i3 

a= 

a3 
=4 

25 

a6 

11 

9 

06 
06 
06 

07 

i 

oB 

8. 

83 
84 
85 
86 

89 

78 
80 
85 

83 
84 

!) 
5 
4 
4 
3 
3 
3 

33 
34 
a4 
34 

35 

a5 

35 

35 

36 

5 

4 

3 
5 

'4i 
4a 
43 
44 
45 
46 
47 

48 

t 

134.9 
135.9 
136.6 
137.8 
138.8 
139.7 
140.7 
i4i.6 
i4'.6 
143.5 

41.5 

41.8 

42. i 

43.4 

ill 

43.3 
43.5 

o3 
04 
o5 
06 
07 
08 
09 

193 
193 
194 

196 
197 
198 

!99 

0 

58.3 
58.6 

I:! 
P 

60.1 
60.4 

6a 
63 
64 
65 
66 

S 

69 

'&'■, 

351.7 

S53.6 
253.6 
354.5 
355.5 
256.5 
357.4 
a58.4 

76 
76 
76 

77 
77 

V> 

78 
^ 
79 
79 
79 

V. 
8o 
So 

3 
6 
9 

5 
6 

4 

5 
4 
3 

33 

33 

a 

36 
3-/ 
38 

3? 

3i 

33 

33 

li 

36 
37 

09 
09 
09 
99 

7 

3 
6 

9' 

9« 
99 

87 
88 
89 
90 
90 
9' 

1 

9 

7 

s6 

'7 
37 
»7 

18 

38 

4 

3 
6 
9 

4 

7 

53 

53 
54 
55 
56 
57 
58 

.44.5 
145.5 
146.4 

•Xi 
'.ti 

iSi.a 
iSs.a 
i53.i 

43.8 

44.> 
44.4 
44.7 
45.0 
45.3 
45.6 
45.9 

46.3 

46.4 

i3 
i4 
i5 
16 

\l 
'9 

3o3 
ao4 
ao5 

306 

3 

309 

9 
t 

7 

6 
5 
5 
4 
4 
4 
3 
3 

61.3 
61.5 

62  !i 
62.4 
63.7 
63.0 
63.3 
63.6 
63.9 

73 

t 
11 
It 

259.3 
a6Q.3 
a6i.2 
362.2 
a63.3 
a64.i 
265.1 
=66.0 
367.0 
267-9 

4i 
4s 
43 
44 
45 
46 

2 

41 
4a 
43 
44 
45 
45 
46 
4? 

9 

i3 
i3 
i3 
,3 
l4 
i4 

9 

5 

9 
5 

o3 
04 
o5 
06 

09 

96 

P 
99 

104 

>o5 

6 
6 
5 
5 
4 
4 
3 
3 
3 

11 
•£ 

3o 
3o 
3[ 
3i 
3i 
3i 

3 
6 
9 

5 

4 
6 
9 

16! 

63 
64 
65 
66 

S 

6, 

i54.[ 
155.0 
i56.o 
156.9 
157.9 

\ll:t 

166.8 

'^■' 
i6a.7 

46.7 
47-0 
47-3 
47-6 

S:? 

48.5 
48.8 

g:3 

a3 

34 
35 

a6 
11 

2l3 
3l5 

216 

IS 

3.9 

64-2 
64.4 

^5:1 
65  .'3 
65.6 
65.9 
66.3 
66.5 
66.8 

381 
83 

83 

84 
85 
86 

11 
90 
391 
93 

S 
$ 
-i 

,99 
3oo 

268.9 
269.0 

271.8 
372.7 
373.7 
274-6 
275.6 
276.6 
377.5 
278.5 

280.4 
383!  3 

384.2 
385.3 

286.1 
387-1 

8a 

83 
83 
83 
83 
84 
U 
84 
85 
85 
85 
85 
86 
86 

87 

9 

7 

3 
6 
9 

■f 
8 

3 
6 
9 

5 

53 
53 

55 
S6 

1 

48 

g 

5i 

5a 
53 
54 
55 
56 
57 

8 
8 

7 

? 

6 
5 
5 
5 
4 

14 
i5 
i5 
i5 
16 
16 
16 
16 
17 
17 

4 

7 

3 
5 
8 

4 

i3 
i4 
i5 
16 

18 
■9 

106 
107 
108 
109 

I'll 
114 

9 

3a 

33 

33 
33 
33 

li 

34 
34 

5 

4 

3 
5 
8 

171 

77 
78 

It 

i63.6 

i65!6 
166,5 
167.5 
168.4 
169.4 

4,.t 

tt 
5o.5 
5o.8 
5i.i 
5i.4 

ll:l 

53.3 

23l 

3a 

33 
34 
35 
36 
37 
38 
39 
40 

223 
5  33 
334 
335 
336 

aa8 

529 

9 

I 

i 

67.1 
67.3 
67.6 

U:t 

68.5 
68.8 
69.1 
69.4 
69.7 

l,FI.(.. 

Dia 

Dep. 

Lai. 

Ikp. 

Lbi. 

Dist. 

Dep. 

Li.1 

Dist. 

D.- 

Dist. 

Dep. 

L.,,| 

E.N,E.4E.          E.S.E.iE.          W-N-W.^W.          W.S.W.JW.          [For  64  Poinls.     | 

.oogle 


TABLE  I.                                              l''^^  ■? 
Difference  of  Latitude  and  Departure  for  If  Points.    ,    - .  ■  ■ 
N.byE.IE.                N.byW.aW.                S.byE.p,                S.byW.^W. 

DLsl 

Lai. 

Dep. 

Disc 

Lai. 

Dep. 

Disl. 

L.l. 

Dep. 

Dkt. 

L.t 

Dep, 

DiHl. 

L.. 

Dep. 

3 
4 
5 

S 
9 

o4 
o5 
o6 

09 

9 

\ 

6 
5 
5 
4 

o3 
o3 

7 
3 

4 

4 

62 
63 
64 
65 
66 
67 
63 
69 

58 

61 

63 
64 
65 
65 

4 

4 
3 
3 

a3 
a3 
23- 

a 

35 
25 
36 

36 
27 

9 
6 
9 
6 
9 
6 

? 

6 

t 

6 

1 
6 

33 

24 

25 

=6 
11 
11 

Si 

121.5 

133.4 

4o 
4i 
4i 
4i 
4a 
4a 
4a 
43 
43 
43 

f 

4 
8 

j 

83 

ti 

86 
87 

89 
9" 

ii 

174 
175 
176 

178 
178 

4 
3 

9 

61.3 
61.7 
63.0 
62.3 
6a.7 
63-0 
63.3 
63.7 
64.0 

2^1 
43 
43 
44 
45 
46 
47 

1 

326 

i; 

33( 
232 

233 
a34 
335 

9 

? 

6 
6 
5 
4 
4 

s'.i 

83.5 

83.5 
83.9 
84-? 

i3 

i4 
i5 

j8 
'9 

i3 

'4 
i5 
i6 
i6 

la 

4 
3 

9 
1 

04 
04 
ti4 
o5 
o5 
o5 
06 
06 
06 

7 

4 
4 

7 

4 

71 

74 
t 

11 

67 
68 
69 

71 

11 

74 

75 

8 

6 
6 

5 
4 
4 
3 

32 

33 
34 
35 
36 
37 

i 

123.3 

124.3 

135.2 
126.3 
127.1 

laS.o 

139.0 
129,9 

iSo.Q 

i3i,S 

44 
44 
44 
45 
45 
45 
46 
46 
46 
47 

5 
8 

5 
8 

5 
8 

191 

1 

99 

179 
180 
181 
18a 

i83 
.84 
i85 
186 

6 
5 
5 
4 
4 
3 

64.3 
64-7 
65-0 
65.4 
65.7 
66.0 
664 
66-7 
67.0 
67.4 

52 

53 
54 
55 
56 
57 
58 

236 

III 
339 

34o 
341 

343 
242 
343 
244 

3 
3 

9 
I 

84-9 
85.2 
85.6 
85,9 
86.2 
86.6 

87:1 

a3 
3? 

19 

=3 
54 

25 

26 
38 

6 
5 
5 
4 
4 

3 

09 
09 
09 

4 

4 

4 
8 

83 
84 
85 
86 

76 
7f 

i 
81 
82 

83 
84 

3 
9 

27 

2S 
28 
28 

'9 
39 

30' 
3o 

6 

3 
6 

3 
6 

3 

i4i 
42 
43 
44 
45 
46 

ii 
it 

■33.8 
i33.7 
134.6 
i35.6 
i36.5 
r37.5 
138.4 
139.3 

47 
47 
48 
48 

1 

5o 

5 
8 

5 
9 
5 

o3 
04 
o5 
06 

S 

09 

189 
190 
191 
193 

•91 
.94 

196 
■97 

7 

67,7 
68.1 

p;, 
69,1 

69.7 

70-4 

6a 
63 
64 
65 

67 
68 
69 
70 

345 

347 

248 

lit 

25l 
252 

353 

354 

7 

6 
6 
5 
5 

4 

3 

3 

87.9 
88^6 

•4:S 

89,6 
'^1 

3i 
33 
34 
35 
36 

39 
4o 

S 

3i 
3j 
33 
33 
34 
35 
36 

37 

i 

7 

i3 
i3 

4 

5 

5 
8 

5 

9' 

11 
94 

96 
99 

86 

89 
90 
9' 
9= 

^^ 
94 

6 
6 
5 
4 
4 
3 
3 

3i 
3i 
3i 

33 
33 
33 

33 
33 
33 

3 

7 
3 
7 

4 

7 

52 

53 
54 
55 
56 
57 
58 

l4i.2 

143.1 

144-1 
145.0 
.45.9 

Itt 
148.8 
149-7 
i5o.6 

50 
5i 
5i 
5i 

52 
53 

5a 
53 
53 
53 

9 
5 
9 
6 
9 
6 
9 

[3 
i4 
i5 
16 

11 

'9 

■98 

'99 

103 

306 

6 
5 
5 
4 
4 
3 
3 

7.. I 
yd 

7=4 

72.8 

73.8 
74.1 

1 

76 
78 

'8^ 

255 
356 

iU 

358 

S 

261 
363 
263 

9 

I 

7 

91.3 
91.6 
93.0 

?:l 

?S.3 
,3., 

^;3 

4i 

43 

43 
44 
45 
46 

ii 
it 

3B 

4i 
4a 
43 
44 
45 
46 
4i 

5 

5 

4 
4 
3 
3 

i3 
i4 
14 
i4 
i5 
i5 
i5 
16 
16 
16 

04 
o5 
06 
07 

09 

96 
97 

P 

99 
io3 

9 

6 

6 

34 
34 
34 
35 
35 
35 
36 
36 
36 
37 

4 
4 

16] 
63 
63 
64 
65 
66 
67 
68 
69 
70 

153.5 
i53-5 
154-4 

155-4 
J56.3 
157.2 
i58.2 

i4 

?1 

55 
55 
55 
56 
56 
56 
57 

6 
9 

I 
6 

! 

33 
24 

35 

36 
a7 
aS 

It 

2OB 
209 

I'll 
3l4 
2l5 

216 

i 
I 

6 

74.5 

74-8 
75.1 
75.5 
75.8 
76.1 

3:1 

7.1 

"sa 
83 
64 
85 
86 

U 

8, 

254 
36E 

367 
a68 

fl 

37; 

6 
5 
5 
4 
3 
3 

k' 
95-7 
96.0 

96.7 
97-0 
97.4 
97-7 

5) 
53 
54 
55 
56 

II 
It 

4K 

1 

5i 
5a 
53 
54 
55 
56 

i 

8 

6 
6 
5 

17 

!7 

18 

'9 

'9 
'9 

i3 
i4 
i5 
16 

;'. 

'9 

:ii4 
io5 

!06 

^8 
109 

5 
5 
4 
3 
3 

37 
38 
38 
38 

1 

40 
40 

4 
4 

7 
4 

4 

'i 

74 

z 

161.0 
.61 -9 

j6a-0 
163.8 
164.S 
165.7 
166.7 
167.6 
168,5 
169.5 

57 
57 
58 
58 

i 

60 
60 
60 

6 

? 

6 

3 
6 

3 
6 

23! 
32 

33 

34 

35 
36 
37 
38 

IS 

219 

233 
224 
335 
336 

5 
4 
4 
3 
3 

78^2 
78.5 

i 
iti 

80.5 

So  .9 

191 
92 
93 
94 

$ 

|8 

3oo 

274 
374 
275 
276 

27f 

=79 

9 

6 

5 
5 

98-7 

99-0 
99.4 

99-7 

Vlil. 

D«p, 

I-ii. 

DiBl 

Dep. 

Lai. 

Dbl. 

Dep, 

I.e. 

Disl 

Dep. 

Lm. 

Di>l 

Dep. 

Lai. 

E-N.E.p.          E.S.E.p.         W.N.W-iW.          W.S.W-iW.          [For  l>i  Points. 

H,sTa»,  Google 


I'^a^si                                               TABLE  I. 

DilTereace  of  Latitude  and  Departure  for  2  Points.      '  * 

N.N.E.                     N.N,W.                     S.S.E.                     S.S.W, 

1)1^1 

Lat 

Dsp. 

Disl 

Lat, 

Dap. 

Disl 

Lai, 

Dep. 

DIst 

Lat. 

Dep 

Dist 

Lai. 

Dep. 

3 
4 
5 
6 

9 

02.8 
03.7 

°Ai 

06.5 
07.4 
06.3 
09.2 

<>3 
d3 
o3 

4 

5 
I 

4 
8 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

i)&.4 

6i.o 
61.9 

63^7 
64.7 

23 

a3 
24 
24 
M 

25 

a5 
26 
s6 
26 

i 

5 

t 
6 

l 

23 

24 

25 

26 

37 

aB 

?, 

L.l'.l 
1.4.6 

ii5.5 

.,6.3 
119.3 

46 

1 

48 
48 

1 

3 

7 

5 
8 

6 

4 

83 
84 
85 
86 

11 
90 

169 
170 

171 

-.11 

i 

8 

I 

5 

69,3 
69.6 
70.0 
70.4 
70.8 

71  !6 

24i 
42 
43 

44 
45 
46 

47 

48 

it 

22; 
224 

225 

226 

22f 

229 
23o 

23l 

6 
5 
4 
4 
3 

92.2 

94-1 
94.5 

95.1 
95-7 

i3 
i4 
i5 

\l 

'9 

14.8 

17.6 
18.5 

04 
04 
o5 
o5 
o5 
of 

of 

07 

6 
4 

5 
t 

7 

73 
74 

i 

78 

65.6 
66.5 
67.4 
68.4 
69.3 
70.2 
71.1 

73  !q 
73. q 

?7 
27 

28 
29 
29 

3o 

6 

1 

7 
5 

6 

i3i 
3a 
33 
34 
35 
36 
37 
38 
39 
40 

1^.7 

125.6 
126.6 
127.5 

5o 
5o 
5o 
5i 
5> 

53 
52 
52 

53 
53 

5 
t 

4 
8 

6 

191 

1 

96 

?^ 

99 

176 
177 
17a 
179 

182 
18a 

i83 
iS4 

5 
4 
3 

9 

75.4 
75.8 

25l 
52 

53 

n 

56 

57 
58 

It 

ail 

232 

=33 
234 
a35 
236 
237 
a38 
239 
a4o 

t 

I 

5 

4 
4 
3 

90.1 

99-1 
99.5 

i3 

24 
25 

=8 

23. '1 

24.0 
24.9 
25.p 
26. S 

08 
ot 

09 
09 
09 

4 

8 
6 

? 

7 
5 

83 

i 

87 

88 
89 
90 

76.7 

81.3 
82.2 

83.1 

3! 

3t 
3i 

32 
32 

3a 
33 
33 
34 
34 

4 

5 
t 

4 

i4i 
42 
43 
44 
45 
46 

47 

48 

it 

i3o.3 

l3l.2 

i3a.i 
i33.o 
i34.D 
134.9 
135.8 

i38.6 

54 
54 

li 

55 
55 
56 
56 

3 

7 
5 

? 

6 
4 

o3 
04 
o5 
06 

09 

i85 
186 

III 

190 
191 

1 

6 
5 
5 
4 
3 

78'i 
78.5 
78.8 

79-2 
79.6 
80.0 
80.4 

6a 
63 
64 
65 
66 

69 

241 
a4a 

ai 

244 
245 
246 
247 
248 
249 

I 
8 

6 
5 
4 

99.9 

100.6 

loi^ 
101.S 

losie 
111% 

3r 

32 

33 
34 
3S 
35 
3v 
38 

% 

29,6 
36.5 
3i.4 
32,3 
33.3 
34.2 
35.1 
3e.o 
37.0 

i3 
i3 
i3 
i4 
i4 
i4 
i5 

9 
6 

i 

5 

? 

9' 

1 

99 

85. 0 
85. 0 
86. S 
87.8 

?1 
90.5 
91.5 
9=  .4 

34 
35 
35 
36 
36 
36 
37 
37 

8 
6 
4 

5 

? 

'52 
53 
54 
55 
56 
57 
58 

S 

i4bU 
■41.4 
i4a.3 
143.2 
144.1 
145.0 
146.0 
146.9 
147.8 

II 

58 
58 

1 

60 
60 
61 

B 
6 
t 

5 
8 

i3 
i4 
i5 
16 

iB 

•9 

s 

'97 
'99 

ao3 

9 

6 
5 
4 
3 
3 

8l:5 
Hi 
Hi 

834 
83.8 
84.2 

73 

i 

78 
11 

25o 

25l 
252 

a53 
254 
255 
255 
a56 

4 
3 

7 

.03.7 
104.1 
104.5 
104.9 

io5.2 
io5.6 
106.0 
.06.4 
106.8 
107.2 

41 
*i 
43 
44 
45 
46 

47 

48 

39-7 
40.7 
41.6 
4>.5 
43.4 
44.3 
45.3 

yi6.2 

.5 
r6 
16 
16 

i 

18 

j8 
'9 

7 
5 

6 

4 
8 

o3 
04 
o5 
06 

09 

93.3 
94.2 

96.1 
97-0 
97-9 

99-8 

1 

40 
40 
40 
4' 
4i 
42 

4 
8 

6 

t 

62 
63 
64 
65 
66 
67 
68 
69 
70 

.48.7 

\iu 

i5i.5 
i5a.4 
153.4 
154.3 
155.2 
156.1 
157.1 

61 
6a 
62 
6a 
63 
63 
63 
64 
64 
65 

6 

4 
8 

5 

23 

24 

25 

a6 
28 
3^ 

104 

205 

ao6 
206 

2o8 
209 

9 

? 

6 
6 
5 

84.6 
85.0 
85.3 
85.7 
86.1 

86^9 
87.5 
87.6 

83 
84 
85 
86 
87 

89 
90 

26? 
a62 
263 

,"g 

266 
267 
267 

6 
5 
5 
4 
3 

9 

.67.5 

.08.7 

I'o'ii 

109.8 
iioie 

5i 

52' 

53 
54 
55 
56 
5? 
58 

47.' 

48.0 

li 

li 

=9 
'9 

i3 

5 
t 

7 

4 
8 

6 

i3 
i4 
j5 
16 

\l 
'9 

!o3:5 
104.4 
io5.3 
106.1 

S:; 

109.0 
109.9 
110.9 

4a 
42 
43 
43 
44 
44 
44 
45 
45 
45 

9 
6 

4 

8 

5 
9 

73 
74 
75 
76 

It 

158.0 
158.0 
i59.g 
160.8 
161.7 

163!  5 
164.5 
165.4 
166.3 

65 
66 
66 

1 

4 
8 

6 

4 
7 

5 
9 

32 

33 
34 
35 
36 

i 

ai4 

2l5 

216 

219 
219 

4 

3 
3 

i 

88.4 
89:2 

lit 
90.7 

H 

91,8 

291 

i 

96 

?.' 

,99 
3oo 

268 
269 
270 
271 

2?3 

274 
275 

276 

277 

6 
5 
5 
4 
3 

11 1.4 

ir3.7 
114.0 
114.4 
114.8 

eist 

nep. 

L.. 

Disl, 

Dep. 

Lat. 

Dist. 

Dep. 

l„t. 

nisi. 

Dep. 

l.al. 

Disl. 

Dep. 

Lat. 

■G.N.E.              E.S.E.              W.Pi.W.               W.S.W,                 [For  6  Points.     ) 

lOogle 


TABLE  I.                                               [P"8=3 
DiTarence  uf  Lititiida  and  Departure  for  2^.  Pointg..   .'■./;   .-.' 
n'n.E.JE.                N.N.W.iW.                 S.S.E.iE.                 S.S.W.^W. 

DIsi 

I.ai. 

Dep. 

Disi 

Lst. 

Dep- 

Dial 

Lni. 

D.p 

Di!t 

Lai. 

D=p, 

Disl 

r.3L 

Dep. 

3 
4 
5 
6 

I 

9 

o4 
u5 
o6 
07 
08 
09 

6 

5 

3 

'.0.4 

oi'.6 
o3  0 
<.3.4 
o3.8 
04.3 

6! 
(12 

63 

64 
65 

oe 

1 

69 

70 

55 
56 

1 

6! 

63 
63 

" 

35.5 
=7.4 

39,1 
29,5 
29.9 

53 
24 

35 

26 
tl 
It 

ii3!o 
..3.9 
..4.8 
n5.7 
116.6 
117.5 

53,6 
53.0 
534 

54.7 
55.2 
55.6 

83 

86 
87 

&9 
90 

i63 

.64 
i65 
►66 
167 
168 
169 
169 
170 
171 

6 
5 
4 
3 

9 

t 

77.4 
77.8 

ii 

81.2 

24. 
42 
43 

44 
45 
46 
47 

3.; 
336 

1 

.o3.5 
103.9 
104.3 
,04.8 
.o5.s 
.o5.6 
,06.0 
,06,5 
.06,9 

i3 

i4 
i5 
i6 

1? 

'9 

09 
,S 

i4 
i5 
16 

I 
I 

5 
4 
3 

05.6 
06.0 
06.4 
06.8 
07.3 

S:] 

08.6 

71 

74 

75 
76 

78 
79 
80 

64 
65 
66 
66 
67 
68 
69 
70 
7t 
72 

6 

3o.4 
3q.8 

3[.3 

3i.6 

32.1 

33.5 

33.1 
33.8 
34.2 

32 

33 
3^ 
35 
36 
37 

1 

119.; 

1=4.3 
125.7 
126.6 

56.0 
56.4 
56.9 
57.3 
57.7 
58,1 
58.6 
59.0 
5^.4 
59.9 

191 
99 

176 
.79 

6 
5 
4 
3 

i 

81.7 
83:5 

11 

84.2 
84.7 
85.1 
85.5 

35. 

53 

53 
54 
55 
56 

ll 

226 

338 

IZ 

23l 
232 

333 

234 

235 

107.3 

,'E 

108,6 
109.0 
■09,5 

33 
25 

'9 
19 

i; 
54 

25 

26 

I 

5 
3 

09.0 
09.4 

ir!5 
ia;4 

83 
84 
83 
66 

11 
89 

7J 
74 

?i 
i' 

Sr 

35.1 
35.5 
35,9 
36.5 
36.8 

r,i 

38.1 
3B.5 

141 

43 

43 

44 

'i 
t 

129:3 

|30.2 

.31.1 

l32.0 

.32.9 
133.6 
134.7 
.35.6 

61.6 
62.0 
624 
62.9 

63.5 
63.7 
64.1 

o3 
04 
o5 
06 
07 
08 
09 

181 
.82 

i83 
.84 
.85 
186 
187 
,88 

6 

5 
4 
3 

i 

86.8 

15 

88.5 

";? 
8;.» 

36. 

62 
63 
64 
65 
66 
67 
68 
69 

236 

24. 
242 
243 
=44 

111,6 

i!3.7 

1.4-2 

114,6 
1.5,0 
,i5.4 

3a 
33 
34 
35 
36 
3? 
38 

a8 

3^ 
3i 

32 

33 
34 
35 
36 

1 

5 
4 
4 
3 

13.7 
14. 1 

i4.5 
i5.o 
.5.4 
i5.B. 
16.3 
■6,7 

91 

93 
94 
95 
96 

99 

83 
84 
85 
85 

87 
88 
89 
90 

3^.8 
40.2 
40.6 
41.0 
41.5 

%■? 

43.8 

i5i 

52 

53 
54 
55 
56 
57 
58 

136.5 

;!•■ 

141.9 
142.8 
143.7 
144.6 

65.0 
65.4 
65.8 
66.3 

67:1 
67.6 
68.0 

[3 
,4 
i5 
16 

iB 
'9 

190 
19. 
192 
,93 
194 

196 

6 

5 
5 

4 
3 

9 

90.1 

Is 

91.9 
92.4 
93.8 
93.2 
93.6 
94-. 

73 
It 

245 
345 
246 

=47 

348 

a5i 
j52 
253 

,.5-9 
,,6,3 
.16,7 

118,0 

1.8.4 

4i 
4a 
43 

46 

47 

1 

37 
38 
38 

% 

4i 
42 
43 
44 
45 

I 

I 

5 
4 
3 

18:4 
1B.8 
.9.2 
'9-7 
2o!5 
21:4 

o4 
o5 
06 

09 

9' 

1 

9^ 
96 

97 
98 
99 

I 

6 
5 
4 

44.0 
44.5 
44.9 
45.3 

45.7 

46.2 

46.6 
47.0 

161 
62 
63 
64 
65 
66 
67 
68 
69 
70 

145.5 

,46.4 
147-4 
148.3 
149.2 
i5o.i 
i5i.o 
15. .9 

153.7 

69.3 
69.7 

^:5 

71.8 
72.3 
73.7 

23 
34 
25 

a6 
28 
11 

'99 

303 
304 
2o5 

206 
307 

307 

6 
5 
4 
3 

9 

94.5 

g:l 
95.8 

^6,2 

96.6 
97.1 
97.5 

97-9 
98.5 

82 
83 
84 
85 
86 
87 

89 
90 

354 

=54 
255 
256 
257 
258 

'2 

26. 
263 

I 

6 
5 
4 
3 
3 

I2016 
,214 

'iIIa 
.33.6 
124,0 

5j 
53 
54 
55 
56 
5? 
58 

4S 
47 
47 

4S 
5i 

52 

53 
54 

i 

6 
5 
4 
3 

33.5 
23.9 

s4.4 
24.8 

35.2 

25.7 

i3 
14 
i5 
16 

'9 

io3 
104 
io4 
io5 
io6 

108 

6 

5 

47-^ 

47.9 
48^7 

iU 

5o.o 
5o.5 

1 
i 

i54.6 
i55.5 
■  56.4 

\Ui 

.60.9 
161.8 

73.1 
73.5 
74.0 
74.4 

75.7 
Ai 
76.5 
77.0 

32 

33 
34 
35 
36 

ll 
39 
4o 

20B 
209 

2,3 
2l4 
2.5 

216 
217 

6 

5 

4 
3 

98.8 
99.3 
99.6 

ioo!5 

iil 

.02]6 

291 

1 

96 
97 
98 
^99 
3oo 

264 
264 
365 
266 
367 

269 
270 
37, 

I 

6 
5 
4 

3 

1244 
,24,8 
125,3 
1^5.7 

i26!6 
,27,0 

•Si 

,28.3 

Ul»l. 

Dep.rLat. 

Dlsl. 

D.. 

Lai. 

Dl!l. 

Dep. 

Lat. 

DiBl, 

Dcp- 

Lai, 

D-M. 

Dpp. 

Lai, 

N.E.byE.|E.       S.E,byE4E.        N.W.byW.JW.       S.W.byW.^W.       {For  5|  Points.     | 

lOogle 


I'sE'io]                  TABLE  I. 

Difference  of  Latitude  and  Depavwre  for  2|-  Points.-  .'  ;,  '  . 
N.N,E.iE.       N.R.W.JW.       S.S.E.4E.       S.S.W.iW. 

Di'Ll 

Lai. 

Dep. 

msu 

Lai. 

Dap. 

Dial 

Lai, 

Dep. 

Dial 

Lai. 

Dep. 

DJsl. 

Lai, 

Dep. 

3 
4 
5 
6 

9 

oa]6 
<^.5 
04.4 
o5.3 
06,2 

oe!e 

00.9 
01.4 

U1.8 

03.3 
o3.8 
04.2 
o4.7 

til 
62 

63 
64 
65 
66 

67 

69 
70 

53 
54 
55 
56 

58 
59 
6u 
60 
61 

7 

4 
3 

9 

7 

2B.« 

29.a 
=9.7 
3o.2 
3o,6 
3i.i 
31.6 

35.1 

32,5 
33,0 

33 

a4 
a5 
26 

106 

108 
109 

ll4 

i 

6 

1! 

58.5 

§:? 

60.8 
61,3 

'83 
83 

84 
85 
86 

s 

89 

90 

IS 

161 
162 
i63 
i64 
164 
i65 
166 
167 

6 
5 

3 

i 

7 

85.3 
85,8 
86.3 
86.7 
87,3 

S:I 

88.6 

t 

43 

44 
45 
46 

% 

2l3 

ai4 
ai5 
ai6 

217 
3l8 

3,9 

5 
4 
3 

7 
6 
5 

113.6 

114:5 
1 1 5,0 
1)5,5 
]i6,o 
1.6,4 
1.6,9 
117-4 
.17,8 

i3 
i4 
i5 
16 

Is 

'9 

.1.5 

13.3 

i3.3 
i4.i 

[7.6 

o5.2 
o5.7 
06.1 
06.6 

□7-5 
08.0 
08.5 
09.0 

OQ.4 

i 
i 

78 

z 

03 

63 
64 
65 
66 
67 
67 

% 
70 

b 
5 
4 
3 

i 

33.5 
33.9 
34,4 
34.9 
354 
35,8 
36,3 
36,8 
37,a 
37,7 

i3i 
3a 
33 
34 
35 
36 

ll 
39 
4o 

lib 
116 

119 
119 

1 23 

to  .8 
62,2 

63!i 
63.6 
64.1 
64,6 
65,1 
65,5 
66.0 

19! 

9= 
p3 

99 

.69 
170 
'7J 

173 
J74 
175 
176 

A 
3 

9 

6 
5 

4 

v.% 

91,0 
91,5 
91.9 
92.4 
92,9 
93,3 
93,8 
^.3 

a5i 

52 

53 
54 
55 
56 

a33 
224 

234 
325 
226 

339 

4 

i 

5 
4 
3 

1.8,3 
118,8 
119,3 
1 19.7 

laile 
123;6 

32 

=4 
a5 

S 
IS 

iS.S 

;ri 

i:2 

26.5 

09.9 

'il'.S 
n.3 
11.8 
ia.3 

82 

83 
84 
85 
66 
87 
88 
89 
90 

i 

74 
75 
75 
76 

78 

79 

4 

3 

5 
4 

38,7 

1? 

4i.o 
41.5 

4a,o 
4a-4 

i4i 
42 
43 
44 
45 
46 
47 

48 

ra4 
ia5 
126 

136 

ii 

l32 

6b,6 
66.9 
674 

^:^ 

68,8 
69.3 
69.8 
70.S 

70-7 

o3 
04 
o5 
06 

09 

177 
17B 
■79 

182 

i83 
1&4 
i85 

3 

6 
4 

3 

94-» 
95.2 
95.7 
96,1 
96£ 
97.1 
97-6 
98.1 
P,5 
99,0 

63 
63 
64 
65 
66 
67 
68 
69 

23. 

i: 

233 

234 

a35 
a36 
337 

i 

6 
5 
4 

123,0 
123.5 
124,0 
124,4 

;m 
ill 

I27',3 

ii 

33 
34 
35 
36 
37 
3S 

|:; 

Sale 
33.5 

14.6 

i5.i 
i5.6 
16.0 
.6.5 

,8., 

9" 
92 

S 

99 

82 

8a 
83 

84 
85 
S6 
87 
68 

7 
5 
4 
3 

43-9 
43.4 
43,8 
44,3 

s 
1 

47.1 

53 

53 
56 

u 

i34 
i34 
i35 
i36 

l!^ 
139 

i4o 
i4i 

7(.a 
71,7 

72^6 

V£ 

75.0 
754 

i3 

14 

l6 
19 

187 
187 

I89 
190 
191 
19a 
,93 
194 

6 
5 
4 
3 

99-^ 
,n 

ioi!8 
102,3 
102.8 
io3.2 
J03.7 

73 

i 
11 

3 

241 
343 

=43 
=44 
245 
246 
346 

1 

6 
5 
4 
3 

9 

129,6 
i3o.i 
i3o.6 
i3i.o 
i3i.5 
i3a.o 

42 
43 

44 
4S 
46 

% 

ii 

30. a 
38. S 

u 

44.1 

,,.3 

23.1 

23.6 

o3 
04 
o5 
06 

09 

89 
90 

(JO 

96 
97 

3 
6 

4 

48.6 
49,0 
4.5 
5o.o 
5o.4 

£2 

51,9 

63 
64 
65 
66 
67 
68 
69 

i4a 
l4a 
143 
144 
i45 
146 

\% 
.49 
149 

I 

6 
5 

i 
0 

;S:3 

76.8 

77-3 

78.7 

79,2 

79'7 
80.1 

a3 
a4 
a5 

28 

'& 

'94 
199 

I 

6 
4 
3 

,o4,a 
104,7 
io5,i 
io5,6 
106,1 
106,5 
107.0 
107.5 

S:3 

82 

83 
84 
85 
86 
87 

89 

347 

248 

349 

25o 

35l 
252 

253 
254 
254 
355 

6 
5 
3 

I 

I33.0 
i34,3 
.34,8 
.35.3 
i35,8 
i36.3 
.36,7 

5i 
5i 
53 
54 
55 
56 
57 
58 

12 

45.0 
45.^ 
46.7 
47-6 
48.5 
49-4 
55.3 
5i.s 

52.0 

52.9 

24.0 

.1:= 

a5.5 

25.9 

a6.4 
26.9 
27-1 

Hi 

i3 
'4 
i5 
16 

3 

'9 

99 

io3 
104 
io4 
io5 

4 
3 

52,3 
52,8 
53.3 

iii 

54.7 

55.a 
55.6 
56.1 
56,6 

171 

73 
74 

t 

7B 
79 
80 

i5o 
i5i 
l5a 
i53 
i54 
155 
1 56 

t 

1 58 

8 

I 
5 
3 

9 

B0.6 

82^5 
83,0 
83,4 
83.9 
84.i 
84 .9 

33 

33 
34 
35 
36 
37 
38 
39 
4o 

303 

204 

ao5 
=06 

'^ 
ao9 
309 

2 

5 
4 
3 

108.9 
,09,4 
109.8 

iio!8 

III:? 

291 

9? 
93 

99 
3oo 

257 

258 

261 
361 
262 
363 
364 

5 
4 
3 

I 

6 

13^6 
i36.i 
i38,6 
.39.1 
(39.5 

I405 

Ui.-i 

».,,.  iM. 

Dkt. 

Rep, 

Lat, 

Dial. 

Dtip. 

I.nl, 

!)i«. 

Dep. 

Lnt, 

D!9i 

Hep, 

l.a(. 

N-E.byE.iE.   S.E.byE.JE.   K.W.byW.^W.   S.W.hyW.iW.   [For  S^  PointB.  | 

TABLE  I.                  iToi^  11 
DitFereciM  of  Latitude  and  Departure  for  2£-  Points. 
N-N.^-IE.       N.N.W.iW,       8.S.E4E.       B.S.W.JW. 

Disi. 

Lai. 

Ifep, 

Dial. 

LaL 

Uep. 

DIbt 

Lai. 

Dop. 

Dlsl. 

Lau 

Dep. 

Disl. 

L.. 

Dop. 

3 
4 
5 
6 

I 

9 

o3 
04 
o5 
06 
06 

9 
6 
4 
3 

9 
6 

i)3 
o3 
"4 
04 
o5 

5 

63 
64 
65 
66 
6? 

69 

.53 
54 

56 
57 
58 

6 
5 
3 

3U 

32.9 

33.a 
33.9 
34i 
35,ci 
35.5 
36.0 

23 
24 

25 

26 
11 
It 

;o5 
106 

108 
[09 

5 
5 
4 

i 

6 
5 

61.2 

63!2 
63.7 
64.3 
64.8 
65.3 
65.8 
66,3 
66,8 

82 
83 

li 

86 

87 

89 
90 

i56 

i57 

■i 

161 
162 

i63 

8 

5 
4 
3 

93.1 
93.6 
94.1 
94,6 
95.1 
95.6 

?f-' 
96.7 
97.2 
97.7 

241 
42 
43 

44 
45 
i& 

47 

48 

it 

206 

3 

209 

2l3 

214 

6 
4 
3 

9 
6 
4 

1244 

\in 

126.0 
126.5 

■127:5 

11 
i3 
'4 
:5 
i6 

S 

'9 

09 

[3 
i4 
i5 
16 
17 

4 
3 

9 
I 
4 
3 

o5 

06 
07 

08 
08 
09 
09 

73 

74 

t 

78 

79 

61 
62 
63 
64 
65 
60 
66 
67 
68 

6 
5 

3 

6 

37.0 
37.5 
38.0 
38.6 
39.1 
39,6 
4o.i 
40.6 
4.. I 

32 

33 

li 

36 
37 
38 
39 

4" 

ii3 
ii4 
"4 
ii5 
J 16 

"9 

4 

I 

5 
4 

67.3 
67.9 
66.4 

P 

69-9 
7"-4 

72.0 

191 

95 
96 
97 
98 
99 

it)3 
i64 
i65 
166 

;^ 
il 

5 
4 
3 

99.2 

100.8 

ioi.3 
101 .3 

.02.3 

,02.8 

52 

53 
54 
55 
56 
57 
58 

il 

2.5 
216 

218 
219 

223 

9 
6 
4 
3 

1129.0 

•:£ 

i3o.6 
i3i.i 
i3,.6 
i32.r 
i32.6 
i33.a 
133-7 

=3 
a5 

23 

It 

18 
'9 

23 

a4 
54 
i5 

9 
6 
4 
3 

9 

7 

[3 
i3 

•4 
,4 
i5 

9 

4 

83 
84 
85 

87 

89 

09 
72 

11 

74 

3 

I 

6 
5 
3 

4r.6 

42.2 

42.7 
43.2 
43.7 
44-2 
44,7 
45,2 
45-8 
46.3 

141 

it 

44 
45 
46 

47 

48 

123 
124 
135 

126 
126 

I 

I 

4 

i 

73.0 
73,5 
74.0 

]n 
75.6 
76.1 
76.6 

77.1 

o3 
04 
o5 
06 

08 
09 

173 

17c 

178 
179 
180 

I 

io3.3 
103.8 
104.4 

IS 

62 

63 
64 
65 
66 
67 
68 
69 

224 
2  25 
226 

22^ 
229 

T£ 

23l 

9 
6 

4 
3 

9 

I 

134.2 
134.7 
135.2 
135-7 
136.2 
136.8 
137.3 
137.8 
i38.3 
.38.8 

Jr 

32 

33 
34 
35 
36 

3 

3o 
3i 

33 

33 
34 

4 

3 

9 

7 
6 
5 
3 

i5 
16 

ii 

.8 
'9 
■9 

> 

i 
5 
6 

9' 

i 

99 

78 
78 

It 
81 
82 

83 
84 
84 
85 

I 

6 
5 
3 

t 

46.8 
47-3 
47.8 
48.3 
48,8 
49.4 

t^ 
50.9 
5>.4 

52 

53 
54 
55 
56 

57 
58 

S 

i3i 

e32 
1 32 

i33 
i34 
i35 
1 36 
'37 

t 

5 
4 

77.0 

ti 

79.2 
79.7 
80^7 

8. .2 
8, ,7 
82.3 

i3 
14 
i5 
■6 

IS 

•9 
20 

1 83 
184 
i85 
186 
187 

109:5 

iiois 
iii!6 

1 1 2^6 

ii3.i 

271 

73 
74 

75 
76 

?8 
79 

232 

233 
234 
235 
235 
236 

lU 
239 

240 

4 
3 

9 
6 
4 
3 

i4o4 
,40.9 
i4i4 
141-9 
142.4 
142.9 
,434 
143,9 

4i 

% 

44 
45 
46 

it 

35 
36 
36 
3- 
38 

4i 
42 
42 

9 

6 
5 
3 

9 

23 
23 

24 
M 

25 
25 

6 
6 
6 

7 

7 

o3 
04 

o5 
06 

08 
09 

bb 

u 

89 
90 
90 
91 

93 
94 

0 
5 
3 

6 
5 
4 

51.9 

52.a 

53.Q 
53.5 
54.0 
54.5 
55.0 
55.5 
56,0 
56,6 

6a 
63 

66 
67 
68 
69 

1' 

i4o 
i4i 

l42 

(43 

144 
145 
145 

I 

4 

82.8 
83.3 
83.8 
84.3 
84.8 
85,3 
85.9 

874 

23 

24 

25 

26 

11 
It 

.89 
190 
191 

IP 
193 
■94 
.95 
196 
197 

1.4:6 

Il5.2 

,15-7 
116.2 
.16.7 

83 
84 
85 

87 
88 
89 

241 
242 
243 
244 
245 

246 
247 
247 

248 

9 

6 
5 
3 

9 

144.5 
145.0 
145.5 
i46,o 
i46,5 
147.0 
147-5 
i48.i 

148.6 
149.1 

5i 
51 
53 
54 
55 
56 

U 
i' 

43 
44 
45 
46 
47 
48 
48 

5i 

1 

3 
9 

I 

26 
26 

'7 

28 

29 

^I 
3o 

7 

B 
3 
8 
3 
8 
3 
3 

i3 
i4 
i5 

19 

95 

96 

98 
99 

6 
5 
4 

9 

57,1 
57.6 
58.1 
58.6 
59.1 

§:; 

61. 7 

171 

',3 

74 

78 

.46 

'47 

■1 

i5. 
i5. 

l52 

i53 
■  54 

5 
4 

8 

5 
4 

§•:? 

?::? 

91,0 
91.5 
92.0 
92-5 

32 

33 
34 
35 
36 

198 
199 
199 

203 

204 

205 
205 

9 

119.3 

i2o.e 
121.3 
121.8 
122.4 

291 

1 

249 
25o 

25l 
=52 

253 
253 

254 

255 
256 
257 

5 
3 

9 
6 
5 
3 

i5o.6 
i5i.i 

152-7 
i53.2 

'Si 

DiEl. 

Do,,. 

LaU 

Disl. 

I)ep. 

Lai. 

Disl 

D.p. 

LfiL 

Dist 

Do 

Lai. 

Disl 

Dop. 

Lai. 

N-E.byE,iF..    B.K.byE.JE.    N.W.byW.JW.    S.W.hyW.jW,   [For  5i  Points.   1 

H,sTa»,  Google 


rasDia]                                              TABLE  I. 

Dilfei'eiice  of  Latitude  and  Departure  for  3  Points.    >  .-    ■    ' 
N.E.byN.                  M.W.byN.                  S.E.byS,                  S.W.byS. 

Disi, 

Lat 

Dep. 

Disi. 

Lat. 

Dep. 

Uisl 

Lai. 

D.P. 

Disl 

Lai. 

Dep. 

Dist. 

Lat. 

Dep. 

3 

4 
5 
6 

9 

00. 

o3; 

o4. 
o5.c 

■o6"7 

7d 

o3 
o3 
04 
o5 
05 

a 

7 

8 
3 

I 

b! 
6= 
63 
64 
63 
66 
67 

69 
70 

S:2 

52.4 
53.2 
54.0 

56.5 
57.4 
58.= 

33.9 
34:4 
35.0 
35.6 
36.1 

%1 

37.8 
38.3 
38.9 

i3 
=6 

1 

!o3 
io3 
io4 
io5 
106 

6 

67.8 
68.3 
68.9 

^i 

71.1 
71-7 
72.2 

8a 
83 
84 
85 
86 

89 
90 

l5t 
l5= 
i53 
i53 
i54 
i55 
i56 
i57 
1 58 

5 
3 

I 

3 

100.6 
101.7 

I02!8 

103.3 

■S 

105^6 

241 
4= 
43 
i4 
45 

46 
% 

=o3 

=06 
207 

4 

9 

5 
4 

9 

133.9 

■34.4 

.35.0 

i356 
i36.i 
136.7 

ill 

138.9 

i3 
U 
i5 
i6 

'9 

09. 

10! 
11. 

13. 
14. 
i5. 
i5. 
16. 

oh 
06 
07 

1 

OS 

7 
3 

I 

6 

i 

74 

75 
■  76 

77 
7B 

1' 

60.7 
61.5 
6=.4 
63.2 
64.0 
64.9 
65.7 
66.5 

40.6 
41.1 
41.7 
42.2 
4=.8 
43.3 
43.9 
44.4 

32 

33 
34 
35 
36 
37 
38 

t 

loB 
.09 

ii3 
ii3 
"4 
ri5 
116 

I 

t 

73^3 
73.9 

75.6 
76.1 
76.7 

3 

191 

i 

99 

■g 

i6i 
162 
.63 
i63 
i64 
i65 
166 

6 
5 
3 

8 
6 
5 
3 

106.7 
107.3 
107.8 
ioB.3 

s 

I10J5 

5= 
53 
54 
55 
56 

% 

209 
2I3 

!I4 
2l5 

ai6 

4 
9 

\ 

139.4 
140.0 
140.6 
i4i.i 
141.7 
142.2 

i3 

.1 

.1 
It 

19] 

lo'. 
Ji.f 

=3.3 
24. 

=4.q 

12 

ij 
i3 
i4 
i5 
i5 
16 
16 

8 
3 

I 

6 

82 

83 
84 
85 
86 
87 

? 
90 

69.0 
69.8 

Hi 
74.0 
74.8 

45^6 
46.1 
46.7 

ll 

48.9 
49.3 
5oJi 

i4i 
42 
43 
U 

1 
% 
t 

n8 
"9 

123 

ia3 

80.6 

83'3 

o3 
oi 
o5 
06 

09 

.67 
168 

169 
170 

173 
174 

8 
6 
5 
3 

\ 
6 

II  1.7 

U3.9 
u44 
u5.o 
II5.6 
1 16. 1 
.,6.7 

261 
6= 
63 
64 
65 
66 
67 
68 
69 

217 

=  19 
220 

2=3 

224 

8 

5 
3 

8 
5 

.45.0 

145.6 
I46.I 
j46.7 

147-3 

■p 

i5o.o 

3i 
3i 
33 
34 
35 
36 

=5.8 
26.6 
=7.4 
=8.3 
=9.1 

Si 

3i.6 
3=  .4 
33.3 

"7 

■.I 

18 
'9 

3 

I 

6 

7 

91 

99 

75.7 
76.5 
77.3 
78.= 
79.0 

79'e 

8i!5 
8=  .3 
83.1 

5o 
5i 
5. 

52 
52 

53 
53 
54 
55 
55 

0 

3 

9 
6 

i5i 

52 

53 
54 
55 
56 
57 
58 

1=6 

laS 
1=8 

Ml 

i3i 
i3= 
1 33 

9 

'5 
4 

83.9 
84.4 
85.0 
85,0 
86.1 
86.7 
87.2 

\i 

'75 
176 
177 

1^ 
179 
180 

183 

4 
3 

6 

4 
3 

9 

..8.9 

119-4 
i=o!6 
121.7 

73 

i 

2=6 

2=7 

3 

=3 1 

=32 
232 

8 

5 
3 

iSi.i 
l5i.7 

l5  =  .2 
l53.& 

153.3 

;S:i 

1 55.0 
1 55.6 

4< 
4i 
43 
44 
45 
46 

1^ 

35. e 

36.6 

It, 

40.7 
41.6 

23 

i3 
34 
=5 
=5 

=6 

=7 

8 
3 

3 

6 
7 

o3 
04 
o5 
oS 

08 
P9 

84-0 
84.8 
85.6 
86.5 
87.3 
88. 1 

50 
56 

58 
58 

60 
6i 

7 
3 

\ 

i 

6= 
63 
64 
65 
66 
67 

% 

70 

i34 
i35 
i36 

1 37 

1 38 
i38 

\t 

i4( 

9 

? 

4 

9 

5 
3 

89.4 
90.0 
90.6 
91.1 
9" -7 

PI 
53.3 

i84 
i85 
186 
.87 

18B 
,89 
190 
191 

6 

4 

9 

I 

4 

1=2.8 
1=3.3 
.=3.9 
1=4.4 
1=5.0 
1=5.6 
126.1 
1=6.7 

1=7.8 

83 
84 
85 
86 

87 

89 
_9^ 
191 

\ 

96 

=34 

=35 
236 

s; 

238 
=4i 

5 
3 

6 
5 
3 

i56.i 
1 56.7 

ii;i 

1 58-9 

160.0 
160.6 
161. 1 

5. 

53 

53 
54 
55 
56 
57 
58 

41.4 
43.= 
44.1 
44.9 
45.? 
46.6 
47.4 
48.3 

38 

3o 
3i 
3i 

32 

3= 
33 

9 
4 

5 

7 

3 

9>.J 

94.! 
95.6 

i 

99.8 

Ol 
6= 
6= 
63 
63 

li 

65 
66 
66 

7 

1 
3 

\ 

j 

'i 
1 

78 

143 
i43 
144 
145 
.46 
147 
i48 
.48 
.49 

5 
3 

i 

97.2 

97.8 

&.3 

98.9 

99.4 

=3i 

32 

33 
34 
35 
36 
37 
38 

I 

19= 

IP 
194 

196 

"2 

199 

9 

1 

4 

9 
I 

1=8.3 
1=8.9 
1=9.4 
i3o.o 
i3o.6 
i3i.i. 

Mil 

i3=.8 
133.3 

24= 
=4= 

■)A3 

=44 
=45 
M6 
=46 

:% 

=49 

8 
6 
5 
3 

I 

6 
4 

1O1.7 

16=.3 

162.8 
163.3 
163.9 
164.4 
I65.0 
165.6 
166.1 
166.7 

Di?i 

T)^y 

La,. 

DIsL. 

Dcp. 

La 

DisI, 

Dep. 

Lai. 

Dlsi.' 

D.p. 

Lat. 

Disi, 

Dep. 

LaL 

ISi 

E.byE.               S.E.byl 

N.W.byW.               S.W.byW.           [For  5Pbints, 

lOogle 


TABLE  1.                                           .  fP'e^ia 
Difference  of  Latitude  atid  Departure  for  3|  Points.          ■    ■ ' 
N.E,iN.                    N.W,iN.                    S.E.iS.                    S.W.jS. 

Disl 

LaL 

Dep 

Disl 

tai. 

Dep 

DUl.1   Lai 

Dep 

Disl.|   Lat 

Dep. 

Disl 

Lai 

Dep. 

3 
4 
5 
6 

S 

01  !6 

°^i 

o4.o 
o4.8 
o5.6 
06.. 

os'.o 

03! 
o3. 
04. 
04. 
o5. 
06. 

61 
62 
63 
64 
65 
66 
67 

69 

70 

49-0 
49.8 
5o.6 
5.  .4 

52.2 

53.0 
53.8 
54.6 

36.0 
37.S 
38.1 
38.7 
39.3 

S:l 

41.x 
41.7 

2; 
24 

25 

26 

% 
Z 

I 

99- 

lc.3! 
104. 

72 

I  3 

G      73 

4     74 

2         75 

0      75 
8     76 
6     76 

4      77 

181 

82 

83 

i      84 

5      85 

86 

7       87 

88 
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.6,6 

1662 
1661 
i66i 
1660 

1627 
1625 
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.464 

.433 
i43» 
.433 
i43i 
i43. 

,3^ 
.397 

i366 
.366 
.365 
.365 
.364 

.333 
i332 
i332 
.33. 

.3o, 
i3oo 
1300 

■3 
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.235 
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■463 
462 
[46. 
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3[ 
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34 
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.359 
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.29^ 
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5  4 

5  4 

49 
49 
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!o6o 
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0999 
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4 
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9 
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0934 
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.0933 
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0904 
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i4 
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'9 
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1177 
1176 
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n44 
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1084 
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23 
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loiS 

0989 

^8 
0987 

0959 
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42 

43 

0255 

O23o 

02  o5 

0179 

oi54 

0129 

oio5 

0080 

0055 

oo3i 

43 

44 

45 

0255 

0230 

O204 

0179 

oj54 

0129 

0104 

oo3o 

oo55 

oo3i 

0006 

44 

0255 

0129 

0204 

0170 

oi53 

0104 

0079 

oo55 

45 

46 

oi54 

0229 

oao3 

017S 

oi53 

0128 

OD79 

oo54 

oo3o 

46 

4? 

0254 

0223 

0203 

0178 

oi53 

0128 

oio3 

0076 

0054 

0029 

47 

48 

0253 

0228 

0177 

01 52 

D127 

01  o3 

0078 

0053 

,0029 

49 

0253 

0227 

oao2 

0177 

0l52 

0102 

0077 

Do53 

0029 

ono4 

49 

IT 

"3^57 

0,76 

oi5i 

0126 

0077 

Do53 

0028 

5i 

0252 

0176 

oi5i 

01 26 

0052 

5i 

52 

0252 

022fi 

0.76 

oi5i 

0126 

52 

53 

025 1 

0226 

0175 

01 5o 

0076 

oo5i 

ooo3 

53 

54 

0225 

0175 

oi5o 

0125 

0075 

D05l 

54 

55 

Q25o 

0225 

0174 

0149 

0124 

0075 

oo5i 

0026 

55 

56 

O250 

02:14 

0199 

0174 

3 

0099 

0075 

oo5o 

0026 

56 

57 

O250 

^;^ 

0174 

0124 

0099 

D074 

oo5o 

002  5 

57 

58 

0249 

0173 

oi48 

Ot23 

0096 

0074 

0049 

002  5 

58 

59 
S. 

0249 

0223 

0.98 

0.73 

0148 

0123 

0098 

0073 

0049 

0025 

_59_ 

3°  4? 

S'SO' 

2»51' 

2=  59/ 

3=53 

2=54' 

3=55' 

2°  56 

2=57' 

2=58' 

2=59' 

S. 
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1° 

3= 

3" 

4" 

"fo 

2 

N.BillO 

S.  ros 

N,  siiio 

N,  cos 

N,  sine 

N,  cos 

ff.  sine 

N.  cos 

N.sine 

N.    CM 

0,745 

99985 

03490 

o523i 

58863 

06976 

99756 

ooo5^ 

0,774 

99984 

o35i9 

05363 

9986, 

07005 

99754 

|g 

o,ao3 

999S4 

o3548 

999^7 

99860 

07034 

99752 

3 

000B7 

0,832 

99^3 

03577 

99936 

0532, 

07063 

99750 

57 

4 

oouO 

0,862 

99983 

o36o6 

99935 

o535o 

998S? 

07092 

99748 

56 

5 

00145 

0,89, 

999S2 

03635 

99934 

•f^ 

,9855 

07,21 

W46 

55 

3 

7 

0,920 

99982 

03664 

99933 

99854 

07150 

99744 

54 
53 

-T 

0UJ04 

01949 
0,978 

9998, 

03693 

9993! 

05437 

99852 

07208 

99742 

4 

0O233 

99980 

03723 

9993, 

o5466 

99851 

99740 

52 

4 

9 

00262 

02007 

99980 

o3752 

99930 

05495 

998(9 

07287 

99738 

5i 

5 

0039( 

oao36 

99979 

0378, 

99929 

05524 

99847 

07266 

99736 

5 

99999 

020S5 

99979 
99978 

99927 

05553 

99846 

07295 

99734 

49 

6 

Ty 

99999 

02094 

o3839 

99926 

o5582 

998« 

07324 

9973, 

48 
47 

-^ 

99999 

99977 

o3866 

99925 

o56„ 

9984a 

07353 

99729 

i4 

00407 

99999 

02,52 

99977 

03897 

99934 

05640 

9984. 

07382 

99727 

46 

i5 

oo436 

99999 

03,81 

99976 

08926 

99923 

05669 
0569S 

Si 

074,1 

99735 

45 

r6 

0O465 

99999 

99976 

03955 

99933 

07440 

99723 

44 

'7 

00495 

99999 

02240 

99975 

03984 

9992, 

05727 

99836 

07460 
07498 

997=1 

43 

_9 
9 

i8 
'9 

oo5s4 

99999 

02269 

99974 

04S13 

99919 

05756 

99834 

■mi- 

42 

^ 

iX)553 

99996 

02298 

99974 

04042 

999,8 

0S785"" 

99833 

07527 

997 '6 

4i 

00582 

99998 

02327 

99973 

999'7 

9983, 

07556 

997'4 

40 

0061 1 

99998 

02356 

99973 

04 100 

99916 

o5B44 

99839 

07585 

9971^ 

00640 

99998 

02385 

99972 

0*129 

999,5 

05873 

99827 

07614 

997,0 

a3 

00669 
00698 

99998 

o24i4 

9997' 

04,59 
o4,88 

999,3 

05^2 

99626 

07643 

99708 

37 

ii 

24 
25 

99998 

02443 

99970 

999'^ 

0693, 

99824 

07672 

99705^ 

36 

-\- 

00727 

99997 

02472 

99969 

042!7 

999" 

06960 

99833 

07701 

997u3 

15" 

i3 

i6 

00756 

99997 

02  5o, 

04246 

999,0 

a 

9983, 

07730 

99701 

34 

^3 

27 

99997 

O253o 

04275 

99909 

^9 

o??sI 

99099 

33 

i4 

28 

00814 

99997 

o256o 

99967 

o43o4 

99907 

06047 

99696 

32 

i4 

59 

00844 

99996 

0=589 

9^ 

04333 

99906 

06076 

998^5 

07817 

99694 

3i 

i5 
i5 

3o 

00873 

99996 

026,8 

04362 

99905 

06105 

998,3 

07846 

95^± 

3o 

-- 

3i 

99996 

02647 

04391 

99904 

06,34 

998,= 

07875 

99^9 

i5 

32 

00931 

99996 

02676 

99964 

04420 

99902 

o6,63 

99810 

07904 

i6 

33 

00960 

9999,5 

02705 

99963 

04449 

999°' 

06192 

99808 

07933 

99685 
996B3 

.6 

34 

00989 

99995 

02734 

99963 

04478 

l^ 

06221 

99806 

07962 

26 

17 

35 

01016 

99995 

02768 

^^s 

04507 

06250 

99804 

07991 

99680 

25 

iZ 

36 

Di047 

9999S 

02792 

99961 

04536 

998^ 

06279 

99803 

,99^78 

■^ 

-- 

99994 

0282, 

99560 

04565 

99896 

o63o8 

9980, 
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9967C 

38 
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99994 

02850 

99959 

04594 
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06337 

99799 

0807B 

996-3 

'9 

39 

01 1 34 

99994 

02879 

& 

04623 

99893 

06366 

99797 

(«,07 

99671 

'9 

46 
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99993 

02908 

04653 

99893 

06395 

99795 

o8i36 

996O8 

4i 
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99993 

02938 

99957 

04682 

06434 

99793 

o8,65- 

9966O 

^ 

42 
43 
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02967 

99956 

o47" 

D6453 

99792 

08194 

^± 

,7 
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0,996 

99955 

04740 

99888 

06482 
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08223 
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44 

01280 
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03025 

99954 

3| 

99886 

o65ii 

99768 

08252 

9965g 

,6 

45 
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99991 

o3o54 

99953 

9^ 

o654o 

99786 

^5? 

,5 

46 

9999' 

o3o83 

99952 

5^3 

06  69 

99784 

083  0 

^54 

14 

23 

47 

01367 

9999' 

03„2 

99952 

04856 

9988 

fi59b 

9982 

>833j 

>9652 

,3 

i3 

48 
49 

0,396 

99990 

03,4, 

9995' 

o4bB5 

^6 

o6f  7 

998 

08368 

99649 

77 

^ 

■S74^ 

99990 
99989 

03,70 

99960 

0494 

9989 

9>    f> 

"7rT 

rfi  1 

6  97 

99647 

24 

5o 

0,454 

°l:^ 

& 

04943 

9 

99644 

s5 

5i 

01483 

99989 

04972 

5 

;9642 

a5 

5= 

oi5i3 

99989 

03^57 

99947 

o5o 

J9639 

i6 

53 

0,542 

^I 

03286 

99946 

o5d3o 

9^37 

?6 

27 

54 
55 

0,57, 

99988 

o33,6 

W945 

OJ059 

9_ 

9^35 

6 
5 

-^ 

0,600 

99987 

■^3345" 

99944 

o5o88 

99 

ft  7 

99632 

56 

99987 

03374 

^3 

u5    7 

99669 

99701 

086DD 

99630 

4 

99986 

o34o3 

99942 

o5  46 

99b6? 

0638^ 
065& 

99762 

oB658 

99637 

3 

01687 

99986 

03432 

9994, 

575 

998^6 

99760 

99625 

59 

0,716 

99985 

o346i 

99940 

o53o5 

0^947 

99758 

06687 

99622 

-^ 

60 

0,745 

99985 

03490 

99939 

o5334 

o&rfi 

99756 

08716 

w?ii 

Itf" 

-1 , 

N.  cos 

N,  sine. 

N.  cos. 

N.siDB, 

N,  cos. 

N,siiie, 

W.  cos.lN.siue. 

N,  COS, 

X,sine, 
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88° 
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86° 

85°^-, 
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M 

5° 

6= 

70 

8" 

EP 

"67 

'7 
4 

K.  sine 

N.  ,-os 

^.  sins 

N.  COS 

N.siiie 

N.  cos 

N.  sine 

N.    CO! 

Pi.  sine 

H.  cos 

08716 

99619 

10453 

99452 

121B7 

99255 

18917 

99027 

15643 

98769 

08745 

99617 

10482 

» 

12216 

9925! 

18946 

99023 

15672 

98764 

08774 

5s6.4 

io5n 

12245 

99^48 

.8975 

99019 
99015 

.5701 

98760 

4. 

3 

oBBo3 

99612 

io54o 

99443 

12274 

99244 

,4004 

,5730 

98755 

57 

,4 

4 

0883 1 

99609 

10569 

99440 

IJ3o2 

99240 

i4o83 

99011 

15758 

98751 

56 

5 

99607 

10697 

99437 

I233i 

99287 

i4o6i 

99006 

16787 

9B746 

55 

4 

3 
3 

-^- 

99604 

10626 

99434 

12360 

99233 

'4090 

99002 

98741 

54 
"53 

4 
4 

08918 

99602 

10655 

99431 

I24lfl 

99280 

14119 
i4i4e 

98998 

i5845 

98737 

4 

B 

08947 

& 

■J06B4 

g4-8 

99226 

989^ 

T5878 

98732 

52 

3 

4 

9 

08976 

10713 

»4^ 

12447 

99222 

i4i77 

15902 

98728 

5. 

3 

ojooS 

99594 

10742 

994.1 

12476 

99219 
992  iS 

14205 

15931 

98723 

5o 

3 

09034 

& 

10771 

99418 

i25o4 

14234 

9898^ 

ll$^ 

98718 

^S 

8 

6 

73 

09068 

!o8oo 

994.5 

12533 

99211 

14263 

9897B 

98714 

48 

47 

3 

-r 

09092 

995B6 

10829" 

994" 

12562 

99208 

14292 

98973 

16017 

^^ 

09121 

»5B3 

10858 

& 

12591 

99204 

14320 

98969 

16046 

98704 

46 

3 

7 

.5 

09150 

,9580 

J  0887 

126?0 

99500 

& 

9896S 

16074 

98700 

45 

3 

8 

iG 

09 '79 

99S78 

99403 

12649 

99197 

98961 

i6io3 

9W,95 

44 

3 

0930B 

9957S 

10945 

1267B 

99108 
99,69 

14407 

9S957 

ibi32 

986m 

9-ih=0 

4o 

3 

9 
9 

18 
'9 

09237 

9957^ 

10973 

12706 

14436 

9895^ 

-^ 

3 

95570 

99393 

12735 

99186 

74464 

09295 

99567 

o3 

1% 

2764 

99  82 

ifl493 

3 

o^Li 

99584 

060 

2793 

9978 

4522 

3 

09353 

99562 

0^ 

99     3 

99     5 

455 

=3 

09382 

99559 

8 

24 

094T. 

9955 

25" 

^44^ 
094S9 

Hr 

= 

27 

09498 

99548 

23 

09527 

99545 

63 

3 

32 

29 

09556 

99«J 

29 

99860 

3o24 

99  48 

4752 

9b9«> 

i047t> 

98033 

3i 

75" 

3t) 

09585 

99540 

32 

99357 

3o53 

9944 

478 

98902 

l65o5 

9B629 

3o 

-^- 

09614 

9953 

„y 

9935 

3o8 

994 

~ls~ 

16533 

^S&4 

32 

09542 

99534 

99351 

18110 

99'37 

14838 

$& 

1 6562 

98619 

33 

09671 

99531 

99347 

i3i39 
i3,68 

99133 

I4B07 

1659, 

98614 

27 

34 

09700 

99528 

.1436 

99344 

99' 29 

14B96 

98884 

16620 

98609 

35 

09729 

99526 

11465 

99341 

18197 

99125 

14925 

i6b4b 

98604 

a5 

l8- 

36 

09758 

99523 

11494 

99337 

13226 

991 J 

...54 

^/< 

^ 

-r 

09787 

99620 

7T5J3 

99334 

13254 

99II'- 

38 

09816 

99517 

1 1 552 

9533. 

13283 

9911 

'9 

39 

09S45 

995i4 

99327 

l33!2 

9911    I 

19 

40 

09874 

995,  r 

is 

993=4 

i334i 

99H1 

41 

09903 

99508 

99320 

13370 

99'" 

!  >i   (. 

'> 

^ 

4= 
41 

0993a 

99506 

1.667 

993,7 

13399 

99098 

''   -'^ 

iS 

-^ 

09961 

99503 

776^ 

99314 

"i"34^ 

99094 

75755" 

988,5 

9b5S3 

44 

09990 

99500 

11725 

99310 

13456 

99091 
99087 

i5i84 

9B84J 

.69..b 

9E501 

16 

45 

10048 

99-^97 

1 1754 

99307 

13485 

l52!2 

98686 

16935 

VK550 

i5 

46 

99494 

1 1783 

9^303 

i35i4 

^83 

r524l 

98882 

16964 

98551 

i4 

47 

99491 

99300 

18543 

99079 

1 6270 

98827 

,6^2 

& 

.3 

■§■ 

48 
49 

10106 

99488 

99297 

13572 

99075 

15299 

98823 

17021 

98541 

77" 

-r 

"i^735 

99485 

7786^ 

99293 

i36oo 

753^ 

"igj 

98536 

5o 

(oi64 

99482 

11898 

^r. 

13629 
13656 

1 5356 

17078 

98531 

5i 

99479 
99476 

1 1927 

15885 

9880! 

96526 

t 

5a 

,1956 

99283 

18687 

99059 

i54i4 

17136 

S«52i 

53 

IO250 

99473 

II9S5 

95(279 
99276 

i37i6 

9^055 

15442 

I7i64 

98616 

"27" 

54 
55 

10279 

99470 

120,4 

13744 

99d5i 

15471 

9S796 

17 '93 

985.1 

6 
-5" 

-^ 

7^356 

99467 

1^ 

99272 

"73?73 

99047 

i55oo 

985&6 

a? 

56 

10337 

99464 

99269 

i38o2 

99043 

15529 

98501 

4 

3B 

57 

io3fc6 

^6. 

99165 

i383i 

& 

15557 

;?^ 

98496 

3 

28 

58 

10395 

99458 

HIM 

99263 

i3B6o 

15586 

98778 

» 

ag 

59 

10424 

99455 

^=58 

99081 

i56i5 

17336 

i_9 

fio 

10453 

99452 

12167 

^255 

■3917 

99027 

15643 

17365 

9S481 

N.  COS. 

N.  sine. 

fj.    COS. 

N.  sine. 

K.    CO!. 

N.  sine. 

N.  ws. 

N.  sine. 

N.  COS. 

N.sine. 

"m" 

84° 

83. 

82= 

81- 

80.      c 

->  '_ 
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^ 
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Bf 

10° 

IP 

120 

13° 

140 

60 

6 

N.  sine 

N.  tos 

N.  sine 

N.  ™s 

N.  .ine 

N.  C09 

N.  sine.  jN.  cos 

N.  sine 

N.  cos 

.7365 

98481 

1908. 

98.63 

20791 

97815 

22495 

97437 

24192 

97o3o 

17393 

98476 

113 

98157 

20820 

97809 

22523 

97430 

97023 

u 

6 

■  7422 

98471 

98152, 

20848 

9780S 

32552 

97424 

24249 

970!  5 

6 

3 

17451 

98466 

19167 

98146 

20877 

97797 

22580 

97 All 

24277 

97008 

57 

6 

4 

'm 

98461 

19.95 

98140 

20005 

22608 

97411 

243o5 

97001 

56 

5 

98455 

i92?4 

98.35 

20933 

22637 

97404 

24333 

a 

55 

6 

3 
-3- 

ti 

■7537 

98450 

19252 

20962 

22665 

24362 

54 

5 

17565 

^8445" 

19281 

98124 

20990 

97772 

^^ 

^ 

24390 

,6,8, 

53 

1- 

4 

17594 

98440 

\& 

98118 

2:0.9 

97766 

22722 

a44.8 

,6973 

52 

4 

9 

.7623 

9843s 

98112 

21047 

97760 

22750 

97378 

24446 

&i 

5. 

5 

.765. 

98430 

Ipse 

98.07 

21076 

97754 

97371 

24474 

,"9S, 

5o 

5 

17680 

98425 

■  ,3,5 

98.01 

21104 

97748 

97365 

j45o3 

&■ 

47 

6 

IT 

17708 

98420 

■  94.3 

98096 

21132 

97742 

97358 

24531 

SiS 

~ 

17737 

984.4 

19452 

a 

2Jl6l 

97735 

^1863 

?;35r 

24559 

96937 

i4 

.7766 

98409 

.948, 

■;:S 

97739 
97723 

32892 

97345 

24587 

^k 

46 

i5 

77794 

984o4 

\$s 

& 

22920 

97338 

a46i5 

9«,>3 

45 

7 

16 

178^3 

& 

21246 

97717 

22948 

9733. 

24644 

,6,,6 

44 

8 

,7852 

98389 

.9566 

98067 

2.275 

977.. 

22977 

97325 

24672 

96909 

43 

9 

18 
'9 

17880 

19595 

^1 

2i3o3 

236o5 

973.8 

24700 

96992 

42 

41 

-^ 

17909 

98383 

19623 

98066 

Timr 

23o33 

"?^3I7 

24726 

a 

9 

.7937 

98378 

15652 

93o5o 

2i36o 

?x 

23062 

97304 

24756 

40 

17966 

98373 

196B0 

98044 

21388 

97298 

24784 

968B0 

3^ 

17995 

98368 

19709 

98039 

2.417 

97680 

23.. 8 

a 

248r3 

96S73 

23 

i8oa3 

98362 

.9737 

?8o33 

21445 

97673 

a3i46 

24841 

96866 

37 

77 

54 

=5 

r6o52 

98357 

98027 

21474 

97667 

23.75 

97^78 

24869 

96858 

36 
35 

-f 

9835a 

19794 
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95275 
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96174 

29070 

30736 
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30763 

95i5o 

32419 

94599 
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N.  eos. 
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35837 

■p358 
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7 

8 

9 

=o4ia 

20439 

=0466 

l^fs 

3o54S 

20602 

20629 
2089& 

2o656 

3i 

'SO 

j6i 

30683 

20737 

l°l% 

208.7 

20844 

=0925 

"^ 

"3 

i6a 

20952 

20978 

21O05 

aio32 

21085 

2I40? 

21165 

2.192 

6 

c 

1 63 

3IS/9 

21245 

21272. 

31299 

2i35a 

2I378 

2.43. 

2.458 

3 

9 
.6 

9 

j64 

2I4S4 

2l5ll 

21537 

2.5§a 

31590 

21617 

21643 

2.669 

2,696 

21722 

4 
5 

i65 

51748 

21775 

31801' 

21827 

3i854 

21880 

"21906 

2ig32 

2.958 

.5 

i66 

22063 

22089 

23II5 

22141 

22T67 

22:94 

3=246 

6 

'9 

167 

22172 

22298 
22557 

22324 

2235o 

22376 

224oi 

22427 

22453 

22479 

335o5 

168 

2253l 

22583 

32608 

22634 

32660 

22686 

22712 

23737 

33763 

25 

169 

33789 

22814 

22840 

22866 

339.7 

22943 

3296S 

22994 

230.9 

9^ 

~i3^ 

23070 

IS 

23 1 21 

23 147 

23.72 

^37^8- 
=3452 

=3223 

23249 

=3=74 

S9 

28 

a33oo 

23325 

23376 

33401 

=3426 

23477 

33502 

235=8 

23553 

33578 

236o3 

33654 

33679 

23704 

23729 

28754 

23779 

6 

173 

238o5 

23830 

23855 

2388o 

23c^ 

33930 

23955 

23980 

34oo5 

34o3o 

;!4c^5 

a4io5 

a4i3o 

24i55 

24180 

24204 

24339 

34254 

34279 

4 

5 

9 
i5 

"5l3o1 

34320 

24576 

^4353- 

24378 

244o3 

24428 

^4^ 

=4477 

24502 

24527 

n<i 

34601 

24635 

34650 

34674 

24699 

24714 

24748 

24773 

6 

^4797 

34822 

34846 

34871 

24805 
35i3o 

24920 

249S 

24969 

IK 

25oi8 

17a 

25o^2 

35o66 

a 

25ii5 

25,64 

25188 

25213 

25361 

8 

23 

179 

25585 

a53io 

=5358 

35383 

25406 

3543. 

35455 

.5479 

255o3 

9 

26 

<8o 

^55^7" 

B55r 

^55^ 

=56oo 

^5^ 

25648 

^56^ 

If 

=57=0 

25744 

27 

26 

i8[ 

25766 

tlir. 

258i6 

=5840 

25864 

=5913 

26435 

25983 

18:2 

26007 

26055 

263i6 

26.02 

26126 

261 5o 

26.74 

262=1 

3 

3 

i83 

36245 

26)69 
265o5 

26393 

aG34o 

26364 

36387 

264.  t 

2645a 

5 

5 

184 

26482 

26529 

26553 

26576 

26600 

26623 

i5^ 

26670 

26694 

3 
4 

8 

8 

iSi" 

26717 

26741 

■^6^ 

26788 

268.. 

26834 

26858 

3688. 

36905 

2695= 

26975 

2^ 

27021 

37045 

37068 

27091 

27138 

6 

i4 

16 

187 

27184 

27354 

.27377 

27300 

27333 

37346 

37370 

27393 

188 

274i5 

27439 

27463 

27485 

27508 

2753. 

37554 

27577 

27600 

276K 

19 

-£!2. 

27^46 

27669 

27652 

377t5 

27738 

27784 

27807 

27830 

27853 

9 

24 

190 

'iW^ 

27898 

2792  f 

27944 

27967 

27989 

280.2 

2B035 

28058 

lor 

191 

28103 

28126 

28375 

28T71 

38:94 

28217 

38340 

28285 

38307 

_^ 

94 

192 

!833o 

28353 

28398 

38431 

28443 

28466 

385l! 

28533 

~ 

,93 

28556 

28578 

28601 

28623 

38646 

2B7.3 

28735 

28758 

5 

5 

194 

28780 

38803 

28S25 

28847 

28870 

28914 

28937 

28959 

28981. 

3 
4 

-7^ 

29003 

39036 

29048 

29070 

29092 

=9"5 

29137 

291.59 

29.8. 

39203 

10 

196 

29248 

25370 

29292 

293.4 

29336 

29358 

29380 

29403 

29425 

5 

i3 

197 

29447 

l$t 

29491 

29613 

29535 

39557 

29579 
3979S 

29601 

29623 

=9645 

6 

.5 

i4 

198 

29667 

297(0 

39733 

29754 

29776 

29820 

29842 

39863 

7 

'99 

29S85 

29907 

29929 

2^5. 

2W73 

29994 

3ooi6 

3oo3a 

3^ 

3oo8. 

8 

23 

i9 

"3oio3 
3o320 

3S7^ 
3o34i 

3ot46 
3o363 

30.68 

3o384 

3o4o6 

302I1 

30428 

3o=33 
3o449 

30255 
30471 

30276 
30492 

35^ 
305^ 

23 

22 

3d535 

3o557 

30578 

3o6oo 

30621 

30643 

3o664 

3o665 

30707 

3072S 

ao3 

30750 

30771 

30792 

308.4 

3o835 

3o856 

30878 

30B99 

30942 

104 

30963 

30984 

3(oo6 

31027 

3io43 

31069 

3llI3 

3.?33 

3n54 

3 
4 

I 

4 

-1^ 

3.175 

31197 

37178 

31239 

31260 

3.281 

3i3o3 

3i323 

3.345 

3i366 

loG 

3i4o8 

31439 

3<456 

3i47r 

31492 

3i5i3 

3i534 

3i555 

3.576 

,t 

9 

3i597 

31618 

3 1639 

3i66o 

3i68i 

31702 

3i7=3 

3.744 

3.765 

3.785 

4 

208 

3 1806 

31837 

3iB48 

31869 

3.890 

31911 

31931 

31952 

31973 

3.994 

8 
9 

li  Ss 

'°9 

32015 

32035 

330S6 

32077 

32098 

33118 

32139 

32:60 

SaiSi 

322S. 

i8:i8 

32222 

-3^^ 

■3^^ 

32284 

1^335 

323=5 

32346 
32552 

33366 

32387 

l^S 

32449 

32469 
32675 

32490 

33672 

32593 

3a634 

3=654 

32695 

32715 

32786 

32756 

32777 

32797 

328. 8 

ai3 

32838 

32858 

32B79 

32899 

329.9 

32940 

33960 

32980 

33o6i 

33o2. 

SI^ 

33o4r 

33062 

33082 

33162 

33i33 

33i43 

33i63 

33i83 

332o3 

33224 

3 

4 
e 

4 

"^ 

33244 

33^ 

-33^84 

333o4 

33335 

33345 

33365 

33385 

334o5 

33425 

116 

33445 

33465 

33486 

335o6 

33526 

33546 

33566 

33586 

336o6 

33636 

4 

8 

33646 

33666 

33686 

33706 

33726 

33746 

33766 

337S6 

338o6 

33826 

5 

33846 

33866 

33S85 

33905 

33925 

33945 

33965 

33o85 

34oo5 

34025 

6 

.3 

519 

.34044 

34o64 

34084 

34io4 

34.24 

34M3 

34.63 

34i83 

34203 

34223 

7 
8 
9_ 

IS. 

i4 

No. 

0 

1 

9 

3 

4 

5 

6 

7 

8 

9 
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P-s^  ^m                               TABLE  XXVI. 

Logarithms  of  Numbers. 

No.  3200 MW.                                                     Log 

.  34^42 44716. 

No 

0  1    1   1    a 

3 

4 

5 

6 

7           8 

!) 

a  3 
259 

30449 

3564? 
35832 
36021 

3u3oi 
34498 

34321 
345ia 
34713 

3434. 
34537 
34733 
34928 
35i2 

34361 

34557 

34753 

94 

343S0    344™ 
34577    34596 
3477'     34-92 

344=0 
346.6 
318.. 

99 

6 
8 

4 

J4 

PS. 

.,5400 
35622 

3ooo3 

35463 
35660 
35851 
36o4o 

354M 
35679 
35B7S 
36o59 

355o 
3565 
358H 
36o7 

1 

23l 

=33 
a34 

36173 
3636r 
36549 
36736 
36922 

363^0 
36568 
36754 
36940 

36211 

366o5 
36791 
36977 

36248 
36436 
366a4 
368io 
36996 

3645 
3664 
3682 
370. 

7603 
<9  7 

a35 
a36 

?^^ 

.3y 

24l 

=43 

a4il 

37107 
37291 
37475 

37G58 

38^35 

3712b 
37310 
37493 

37Q76 

3B7^7 

a,5„ 

37694 

3S775 

87.62 
37346 
37530 

3771^ 

37365 

37566 

4 
7949 

6 

793 

>)i453 
Jiie3a 

3B292 
3865^ 

38  (3o 
383. 0 
38489 
38668 
38846 

3Hi48 
3832S 
38507 
38686 
38863 

38i66 
38346 
38525 

38184 
38364 
38543 

] 
3 

4 

6 

9 

i 

3 

4 
5 

8 

1 

3 
4 
5 
6 

I 

I 

3 
4 
5 
6 

9 

4 
5 

=46 
=49 

36917 
39094 
39270 
39445 
39620 

38934 
39111 
39287 
39463 
39637 

3B953 

39480 

Si 

3B0B7 
39164 
39340 
39515 

39005 
39182 
30358 
39533 
39707 

39oa3 

'4% 

39041 

3974= 

39058 
39235 
394.0 
39585 

i7£ 

39428 
3960a 

39777 

9 
i3 

.4 

253 
i54 

40140 
4o3i2 
40483 

399B5 
40157 
4o32g 
4o5oo 

40002 
40175 

4o346 
4o5]8 

4^3^ 

4o535 

40087 
4o552 

39881 

40398 
40569 

3989b 
4007. 
40243 
4o4i5 
4o5B6 

40588 
40261 
4o43a 
4o6o3 

39933 
40106 
40278 
40449 
4o6ao 

39950 
40123 
40295 
40466 
4o637 

1 

s55 
a56 

259 

40654 
4o324 

4i33o 

40671 
4o84i 

41179 
4i347 

40688 
408  58 
41027 
41196 
41363 

40705 
40875 
4io44 

4l2J2 

4i38o 

40722 
40E92 
41061 
4  =  229 
4.397 

40739 

4,2tS 
*4.< 

4o756 
40926 

4i43o 

40773 
40943 

412S0 
41447 

40790 
40960 

41 1 28 

4i'4^ 

409^ 
4m45 
4i3i3 

7 
9 

.4 

36o 

263 
=64 

4i83o 

4i5i4 
41681 

4i847 

42011 

42177 

4i53i 

42029 
42193 

4 1 547 

41880 
45045 
42210 

4i564 
4.731 
41896 
42061 

42236 

4,58, 
4,747 
4,9,3 
4507S 
42=43 

42^ 

4.614 
41780 
41946 

4=275 

4!^ 

431=7 

4229a 

41647 
iiB,4 
41979 
4=i44 
4a3o8 

6 
3 

265 
266 

269 

42325 

42488 
42651 
42813 
42975 

42341 
425o4 
42667 
42830 

42357 

42521 

4=684 
4j846 
43008 

42374 
42537 
42700 
4286a 
43024 

42390 
42553 
42716 
42878 

43o4o 

424od 

Sr. 

42894 

43o56 

42423 
42586 
42749 
42911 
43(^72 

42439 
4260; 
4=765 

4^455 
42619 
4278? 
42943 
43 104 

1? 

fit 

6 

270 
371 

274 

43i36 

434!^ 
436i6 
43775 

43i52 
433i3 
43473 
4363a 
43791 

43169 
43329 
43489 
43646 
43S07 

43i85 
43345 
435o5 
43664 
43823 

43aoi 
43361 
43521 
43680 
43838 

43ai7 

43233 

43712 
43870 

43249 
43409 
43569 

43265 
43425 
43584 
43743 
43902 

43281 
43441 

436oo 
43759 
43917 

J4 
5 

3 

276 

279 

43933 
44091 

44404 
44560 

43949 
44107 
44264 

4443^ 
44592 

44295 
44451 

446'>7 

43996 
44i54 
44311 
44467 
44623 

440.2 
44170 
443a6 
44483 
44638 

44028 
44i85 
4434= 
44498 
44654 

44044 
44201 
44358 
445.4 
44669 

44069 
442.7 
44373 
44529 
44685 

44o7i> 
44a3a 
44389 
44545 
44700 

5 
6 

9 

No. 

0 

I 

2 

3 

4 

5 

13 

7 

8 

!) 
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TABLE  XXVr.                                [£'■^68  173 

Logarithms  of  Numbers, 

No.  2800—3400.                                                      Lor  ^'"'p 

3148. 

No. 

0 

1 

3 

3 

4 

5 

6 

7 

8 

9 

447>6 

44731 

44747 

44762 

44778 

44793 

44809 
44963 

44824 

44840 

44855 

16 

^Si 

44B86 

44902 

44917 

44932 

4494a 

tis 

44994 

45010 

282 

450I5 

45o4o 

45556 

45671 

45SS6 

45 102 

45I17 

45:38 

45i63 

283 

45.79 

45194 

45209 

45225 

45240 

45255 

45=7. 

45286 

45301 

453.7 

3     5 

!84 

45332 

45347 

45362 

45378 

45393 

45408 

45423 

45439 

45454 

4546^ 

4     6 

"Has' 

45484 

4550O 

455i5 

45530 

45545 

45561 

45576 

45591 

456o6 

45Sr 

5     8 

45637 

45652 

45667 

45682 

45697 

457.2 

45728 

45758 

45773 

6   10 

^7 

45788 

458o3 

458i8 

45834 

45840 

45864 

45879 

45909 

45924 

2   'H 

288 

45939 

45954 

45969 

45984 

46DOO 

46oi5 

46o36 

46d6o 

46075 

8    i3 

=89 

46090 

46io5 

46.35 

46i5o 

46i65 

46180 

46195 

461.0 

46225 

9    i4 

590 

46240 

46a55 

46270 

46285 

46300 

463 15 

46330 

463^ 

46359 

46374 

391 

4653! 

464o4 

46419 

46434 

46449 
46598 

46464 

46479 

46494 

46509 

46523 

29s 

46553 

46568 

46583 

466.3 

46627 

4664= 

4665? 

46672 

15 

=93 

46687 

46702 

46716 

4673. 

46746 

4676. 

46776 

46790 
46933 

468o5 

46820 

J94_ 

46835 

46850 

46864 

46879 

46894 

46909 

469=3 

46953 

46967 

295 

46982 

46997 

47012 

47041 

47056 

47070 

470^5 

4-100 

47114 

296 

47^7? 

47144 

s 

47.73 

47188 

47202 

47117 

47=32 

47246 

47261 

4     6 

297 

ts 

473ig 

47334 

47349 

47o6i 

47407 

298 

47422 

47451 

4746S 

47480 

47494 

r.55  1 

6     9 

'99 

47567 

47582 

47596 

47611 

47625 

47640 

?         '                      ,  '.y8_| 

3oo 

47712 

47727 

47741 

47756 

47770 

47784 

8    'A 

3oi 

47857 

4787' 

47885 

47900 

47914 

Xt 

'^fl\ 

9    i4 

302 

48001 

4801 5 

48029 
48173 

48044 

48o58 

3o3 

48159 

48187 

48202 

482.6 

48j3o 

H"2.-9 

.,&273 

3o4 

48287 

48302 

4S3i6 

4S330 

48344 

48359 

48373 

48387 

4B4oi 

48416 

1^ 

48430 

48444 

48458 

48473 

45487 

48501. 

485i5 

4853o 

48558 

14 

3o6 

48571 

48586 

4860. 

486.5 

4S643 

48657 

4867. 

48700 

3o7 

487.4 

48728 

48756 

48770 

48786 

48799 

488.3 

48817 

4884. 

2     3 

3i>8 

48855 

48869 

48897 

48911 

48926 

48935 

48954 

48968 

489B2 

3     4 

J£^ 

48996 

49010 

49024 

49038 

49052 

49066 

49080 

49094 

49108 

49.22 

4     6 

3io 

49136 

49i5o 

49164 

49178 

Zlf. 

1^ 

49110 

49234 

49248 

49262 

5     7 

3ii 

49^76 

49590 

49304 

49318 

49346 

49360 

49374 

49388 

49402 

6     8 

3l2 

4941 5 

i$t 

49443 

49457 

49471 

49485 

» 

495 13 

49527 

49541 

3j3 

49554 

495B2 

496.0 

49624 

49651 

49665 

49679 

3i^ 

49707 

4^2, 

4974B 

49762 

49776 

4979a 

49803 

498.7 

9_LI 

3i5 

49845 

49859 

49886 

49900 

49914 

49927 

49941 

49955 

3i6 

11? 

49982 

5^3 

5ooio 

50024 

5oo37 

5Si5i 

5oo65 

S? 

sir 

3i7 

5^20 

5or47 

5oi6i 

50174 

502O2 

5o36l 

13 

3  8 

00143 

5o?j6 

60284 

ITI 

5o3ji 

5q3i5 

5o338 

50352 

J  9 

5  3 

^J9^ 

1     r 

5a4 

5o447 

5o46r 

5o474 

5o488 

5o5oi 

1     1 

-5583- 

50596 

50752 

5o6io 

5o623 

5o637 

a     3 

3  I 

50745 

50759 

50772 

3  4 
!     5 

1 

0853 

5o866 

5o88o 

50S93 

50907 

3  3 

I          1 

□987 

51O01 

5ioi4 

5Z41 

.  8 
I    .1 

3.5- 

5 1.35 

5.  .48 

5i.6i 

5.. 75 

5    bb 

5" 

^755" 

51268 

57^ 

51295 

sTsHT 

IStl 

5l322 

5i335 

5  348 

5i362 

5.375 

5.3S8 

5i4o2 

5r4.5 

5i428 

5!44i 

327 

5f455 

5i48i 

5.495 

5i5o8 

5i52i 

5i534 

5i548 

5i56r 

5i574 

328 

5i587 

5i6oi 

5i6i4 

5.627 

5  64o 

5i654 

51667 

5i68o 

51693 

5.706 

329 

5.7^0 

51733 

51746 

5=759 

51772 

51786 

51799 

5i8i2 

5i8a5 

^335" 

57557 

5i865 

51878 

378^ 

5.904 

51917 

5.930 

51943 

51957 

5.970 

13 

33 1 

51983 

51996 

52022 

5io35 

52048 

52661 

52675 

62086 

5J101   ■ 

332 

52^,4 

521 40 

52153 

52166 

52179 

52192 

52205 

532.6 

52=3i 

333 

51=44 

5i=57 

52270 

52284 

52297 

52310 

523i3 

52336 

52349 

5236= 

4 

334 

52375 

52388 

524D1 

52414 

52427 

52440 

5a453 

52466 

52479 

5=492 

5 

l35- 

5i5o4 

52517 

5a53o 

■5^43 

5S56 

52569 

5i582 

^V 

l^e^ 

52621 

6 

336 

52634 

52647 

52660 

62673 

52686 

52699 

5271, 

5=724 

52737 

52750 

337 

52763 

52776 

52789 

52802 

52815 

5=5?? 

52840 

5i853 

52866 

52879 

8 

338 

52B92 

52905 

529.7 

52930 

52943 

5:.956 

52969 

52982 

52994 

t?.°°J 

10 

^ 

53o;o 

53o33 

53o46 

53o58 

53071 

53o84 

53097 

53.. 0 

53l22 

53i35 

1,1. 

No. 
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P«E«  "6]                                TABLE  XXVI. 

Logarithms  of  Numbers. 

No.  4000 S2IXI.                                               Log.  66376 71600. 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

46» 
464 

66276 
66370 
66464 
66558 
66653 

66285 
66380 
66474 
66567 
66661 

66577 
66671 

66398 
6649a 
66586 
66680 

663i4 
664o8 
665o= 
66596 
66689 

663=3 
66417 
665,, 
66605 
66699 

6633= 
664=7 
66521 
66614 
66706 

66436 
66530 
666=4 

66717 

66351 
66445 
66539 
66633 
66727 

66455 
66549 
6664= 
66786 

1 

3 

4 
5 
6 

9 

0 

3 
4 

465 
466 
467 
468 
4&9 

66745 
66839 
6693I 
67025 

671 E7 

66755 
65846 

67^4 
671=7 

66950 
67043 
67136 

66950 

67052 
67145 

667B3 
66876 
66969 
67S6; 
67154 

^^^5 
66978 
6707! 
67,64 

6680, 
66894 
66987 
670B0 
67173 

66904 

67089 
6718= 

66913 
67006 
67099 
67,9. 

66829 
669== 
670,5 
67108 
6720, 

5 
6 

8 

470 

g 

474 

67=10 
6730* 
67394 
67486 
67578 

67=19 
6731: 
67403 
674o5 
67567 

67228 
673=1 
67413 
67504 
67596 

D733o 
67422 
675  M 
67605 

67247 
6^339 
67431 
67523 
676,4 

67=56 
67348 
67440 
6753= 
676=4 

67=65 
67357 
67449 
6754; 
67633 

6764a 

67876 
67468 
67560 
67651 

67385 
67477 
67569 
67660 

475 

476 

477 

478 

479 

67852 

67679 

67779 
68052 

6^i! 

67706 

68079 

67906 

67916 
68006 
68097 

67834 
679^5 
6801 5 

67934 
68024 
68ii5 

480 

48= 
483 
484 

683o5 
683o5 
68485 

6Si33 
6fiaa4 
663i4 
68404 
68494 

68,4= 
66=33 
68323 
684i3 
685o= 

68i5i 
6824= 
68332 
684=2 
685ii 

68160 

66=5 1 
6834, 
66431 
685ao 

68169 
68=60 
68350 
68440 
685=9 

6H17B 
68=69 
68359 
68449 
68538 

68=78 
68368 
68456 
68547 

6S196 
66267 

s? 

68556 

68205 
68296 
68386 
68476 
68565 

485 

486 
4B7 
488 
489 

68574 
68931 

68583 
68q4o 

68592 
6866. 

6B860 
68940 

6S601 

6887^ 
6S966 

ii! 

68975 

6862S 

687=6 
666.5 
68904 
68993 

68646 
68735 
68624 
68913 

68655 
6B744 
68833 
68922 
69011 

3 
4 
5 
6 

I 

9 

3 
4 

490 
49' 
491 
493 
494 

69020 
69108 

69373 

69028 
69117 
69=05 

a 

692,4 
6930= 
69390 

69046 
69135 
69223 
693.1 
69399 

69055 
69144 
6923= 
69320 
69408 

69064 
69,52 
69=4, 
693=9 
69417 

694=5 

6908= 
69,70 
69258 
69346 
69434 

05090 
69,79 

69443 

69452 

5 
6 

I 

495 
& 

499 

6946t 
69548 
69636 

IS? 

69644 

69653 

69487 

if 

g 

69504 
69592 

695.3 
69601 
69688 
69775 

695== 
69609 

69531 
69618 
69705 

12:1 

69888 

5oi 

502 

5o3 
5o4 

S 

69992 

699.4 
70001 
70088 

70'74 

099=3 
70010 

70269 

09932 
70018 
70105 
7019, 
70176 

09940 
70027 
70114 

70286 

°B 

099i8 
70044 

7o3o3 

70140 
70= =6 
7o3,2 

69975 
70062 
70146 
70=34 

7o32, 

5o5 
5o6 

5o9 

70339 
70415 

7o5oi 
70586 
7067  a 

70338 
70424 

7t«i9 

70355 
70441 

7o5=6 
7061a 
70697 

70364 

7062. 
70706 

70372 

70458 
70544 
70629 
70714 

70467 
7055= 

7oB38 
707=3 

70389 

?i 

70646 
7073, 

70398 
70464 

70740 

70406 
7049a 
70576 
70663 
70749 

5io 
5n 

5t3 

5i3 
5,4 

70767 
7084a 
70927 

7!^ 

70766 
7d85( 
70935 

71105 

vB 

7078J 
70S68 
70953 
71037 

7S?6 
7096, 
71046 
7i,3o 

70800 
70885 
70969 
71054 
71139 

70808 
70893 

7'>47 

708,7 
70902 
70966' 

70825 
70910 
70995 

IS 

70634 

'7°n 

7,088 
7117a 

H 
3    2 

5i5 
5i6 

5,9 

71161 
71265 

7'5,7 

7-44 1 
715=5 

;;fo 

71533 

71206 
71290 
71874 
71458 
71542 

7.2,4 

71466 

7i55o 

71223 

71807 

?:^?5 
7.559 

7t=3, 
7i3!5 

71=40 

7i3=4 
7i4o8 
7,49= 
71575 

7,248 
7,33= 
7'4i6 
7i5oo 
7,584 

7-57 
7i34i 
71425 
7>5o8 
71592 

5 
6 

8 

4 
5 
6 

3. 

No. 

0 

1 

!! 

3 

4 

5 

6 

7 

8 

9 

,,Google 


TABLE  XXVX.                                !>'■■'".«  i'" 
Logarithms  of  Nambers. 

No.  52011 5800.                                                     Log.  71600^ — .76343. 

No. 

0 

1 

3 

3 

4 

5 

6 

7 

8 

9 

5ai 

522 

524 

71600 
716S4 
717^7 
71650 
77933 

7.609 
7.692 

7I94I 

71784 
7,867 
7,950 

71625 
71709 
7:79^ 
7,875 
71968 

7,634 

71800 
7,883 
71966 

7,^2 
71725 
71809 
71892 
71975 

7i65o 
71734 
718,7 
71900 
7,983 

7,659 
71742 
71825 
71908 
7199' 

71667 
71760 
71834 
719,7 
71999 

71915 
72008 

3 

4 

5 
6 

9 

3 

536 

527 
528 
529 

72099 

7aa63 
72346 

72024 
72107 

72,89 

?2354 

72, ,5 

72280 
72362 

7=04, 
72123 
72206 
72288 
72370 

72049 

72214 
72296 
72378 

72057 
72140 
72222 
72304 
72387 

72066 
72,48 
7aa3o 
723,3 
71395 

72074 
72,56 

72403 

72082 
72165 
72247 
7a3a9 
724,, 

72090 

72255 
72337 
72419 

5 
5 
6 

53i 
532 
533 
534 

72428 
72509 
72591 
7J673 
72754 

72518 

7S762 

72444 
71626 
72607 
72689 

72534 
72616 
72697 
72779 

72542 
72624 

72787 

72469 
72550 
7263a 
727,3 
72795 

-2640 
72803 

72667 

71648 
72730 
72811 

7249J 
72575 
72656 
72738 
728,9 

72583 
72665 
73746 
72827 

536 

538 
W9 

7^835 
72916 

7307S 
73 1 59 

72843 

7=9j5 
73006 
73086 
73167 

72933 
730,4 

73,  ?5 

71860 
7=94' 
73022 
73I02 
73,83 

?lot 
73,,, 
73191 

7a«76 

73,  ,9 
73,99 

72884 
72966 
73046 
73127 
73ao7 

72B92 
73,35 

;32i5 

72900 

72908 
72989 

?3i3, 

640 
54i 
542 
543 
544 

73239 
73320 
73400 
73480 
73560 

73408 
73488 

73568 

73336 
73416 
73496 
735?6 

73344 
73424 
73504 
73584 

73271 
73352 
7343a 
735,2 
73592 

73280 
73360 

7360O 

73368 
73448 
73528 
73608 

7329b 
73376 

73456 
73536 
736:6 

733o4 
73384 
73464 
73544 
73614 

7d3il 
7339a 
73472 
7355a 
73631 

545 
546 
547 
548 
549 

73640 
73719 

73648 
73727 
73807 
73886 
73q65 

73735 
738i5 

as 

73672 

?39,8 
73997 

73687 
73767 
t3846 
73926 
74oo5 

73695 

?3933 
74oi3 

73703 
73783 
73862 
7394. 
74020 

737,1 

3 
4 

5 
6 

3 

55i 
55= 
553 
554 

74n5 
74194 

as? 

74044 
74i=3 
74202 
74280 
74359 

74o52 
74,3t 
74210 
74288 
74367 

74060 
74,39 
7421B 
74296 
74374 

74068 

?4225 
743o4 
74382 

74076 
74,55 
74233 
74312 
74390 

74084 
74162 
74241 

1$^ 

74091 
74170 
74249 
74327 
74406 

ai 

74335 

744i4 

lt2 

74265 
74343 
74421 

4 
5 
6 
6 
7 

555 
556 
557 
558 
559 

74586 
74663 
74741 

74437 
745i5 
74593 
74671 
74749 

74445 
74523 
7460, 

74453 
7453, 
74609 
74687 
74764 

74461 
74539 

74772 

74468 
74547 
74624 
7470a 
747&0 

7463a 

74484 
74562 
74640 
74718 
74796 

74492 
74570 
74648 
74726 
748o3 

74500 

74733 
748,, 

56o 
56i 
562 
563 
564 

74819 
74896 

75128 

74827 
?5?3^ 

74M34 

75,43 

74842 
749=0 
74997 
75074 
75i5i 

74850 
74927 
76006 
75082 
75,59 

74935 
760,  a 

74865 
74943 

76097 
75=74 

75028 
75,05 
75,82 

74958 
75o35 
75,,  3 
75,89 

3^ 

75043 
75,20 
75,97 

565 
566 
567 
568 
56q 

75205 
75282 
75358 
75435 
755., 

75213 

75220 
75297 

75374 
75450 
75526 

7522H 
753d5 
7538, 
75458 
75534 

75236 
753,2 
75389 
75465 
75541 

75a43 
753ao 
75397 
75473 
75549 

75251 
?5328 
75404 
7548, 
75557 

7533I 
754,2 
75488 

75565 

75a66 
75343 
75420 
75495 
7557a 

75417 
755o4 
75580 

574 

75587 
75664 
75740 
758,5 
758g> 

mil 

758,9 

756o3 

7583, 
75906 

756,o 
756B6 
75762 
75838 
75914 

756=8 
75694 
75770 
75846 
75921 

76626 
7570a 
75778 
75853 
75929 

75633 

?^?8^ 
7586, 
75937 

75641 
75717 

75944 

75648 
76724 
76800 

76732 
76806 
75884 
75959 

3 

4 
5 
6 

8 
9 

3 

575 
576 
577 
5,8 
■579 

75967 
76042 
761 18 
76193 
76268 

76,25 
76200 
76275 

76057 
^,33 
76208 
76383 

?6i4o 

^2,5 

76290 

76072 
76,48 
762=3 
76298 

76005 
76080 
76,55 
76^30 
763o5 

76ota 
76087 
76163 
76138 
763i3 

76020 
76095 
76,70 
76145 
76320 

76,03 
76178 
76153 
76328 

76035 
76110 
76185 
76260 
76335 

4 
5 
6 
6 

1N0. 

0     ,      1 

2 

3 

4 

5 

6 

7 

8 

9 

..Google 


i-"«^m                                 TABLE  XXVI. 

Logarithms  of  Numbers. 

No,  5600 MOO.                                                       Log.  76343 30618, 

No. 

0 

1 

3 

3' 

4 

5 

6 

7 

8 

9 

56o 

58i 
583 
584 

76343 
76418 
7649= 
76567 
76641 

76350 
76435 
76500 

76574 
76049 

76358 
76433 
76507 
76582 
76656 

76365 
76440 
765.5 
76589 
76664 

76373 
76448 

^523 

76597 
76071 

76380 
76455 
75530 
76604 
76678 

76463 

76537 
766.3 
76686 

76470 
76545 

7fi477 
76552 
76626 
76701 

76485 
76559 
76634 
76708 

3 
4 
5 
6 

8 
9 

.1 

585 
586 

is 

SB, 

76938 
77013 

76/23 

TSiXS 
77019 

76805 
77026 

76738 
7681a 
76BS6 
76960 
77034 

77041 

76837 
76901 
76975 
77048 

76760 
76834 
76908 
769B3 
77o56 

70768 
76843 

7692I 
76997 

70782 
76856 
76930 
77004 
77078 

4 
5 

6 

1 

502 

S93 

sS 

770S5 
77>59 
77=32 
773o5 
77379 

77386 

7710O 
77173 
77247 
77320 
77393 

77181 
77354 
77337 
77401 

77115 
77188 
77363 
77335 
77408 

77369 
77342 
7741 5 

773o3 
77276 
77349 

77433 

77137 

??^83 
77357 
77430 

77144 
77317 

??£ 

77437 

7715. 
77235 
77398 
77371 
77444 

1 

"535 

77670 
77743 

77459 
77533 
77605 
77677 
77750 

774(* 

77685 
77757 

77474 
77546 
77619 

77481 
77554 
77637 
77699 
77772 

77488 
77561 
77634 
77706 
77779 

77714 

77786 

77576 

77648 
77721 
77793 

77583 
77656 
77728 
77801 

77590 
77663 
77735 
77808 

601 
605 

6o3 
604 

778.5 

'''^ 
77960 

78032 

78104 

778J2 
77895 

77tt3o 
77902 
77974 
78046 
78118 

77837 
77909 

v& 

78125 

77844 
77916 
77988 
78S6, 
78i3a 

77851 
77934 

78.40 

77859 
77931 
78003 
78075 
78i47 

77K66 
77938 
78010 
78083 
78.54 

77873 
77945 
78017 
780B9 
78161 

77880 
77953 
78025 

6o5 
606 

6a^ 

78176 

78319 
78390 
78462 

78183 

lain 
78333 
78405 
7S476 

78340 
784.3 
78483 

78304 
78376 
78347 
7S419 

783,1 
78383 
78355 
78426 
78497 

78219 

78433 
785o4 

78326 

78440 
785i3 

78i33 
783o5 
78376 

78240 
78313 

78383 
78455 
78526 

3 
4 
5 
6 

I 
9 

7 

610 
61  r 
612 
6l3 
6r4 

78533 
78604 
78675 

7854. 
78611 

7«547 

78618 
78760 

78831 

78554 
78635 

78633 
78704 
78774 
78845 

78669 
78646 

Si 

78576 
78647 
787.8 
78789 
78859 

78654 
78725 
78796 
78866 

78732 
78803 
78873 

78880 

6 
6 

6l5 
616 
6,7 
6r8 
6,9 

78888 
78958 
79029 

79S36 
79106 
79176 

7B903 
78972 
79043 
79113 
79183 

78909 
78979 
79o5o 
79.30 
79.90 

789.6 
78^ 
79057 
79127 
79'97 

78933 
78903 
79064 

79' 34 
79204 

78930 
79000 
79071 
79141 
79211 

79007 
79078 
79.48 
79^.8 

78944 
79014 
79085 
79'55 
79==5 

,895, 
79021 

79163 

6.0 
611 

6i3 
6=4 

79239 
79309 
79379 
79449 
79518 

7^16 

79386 
79456 

79533 

79360 
79400 

79367 
79337 

79407 

79477 

7^46 

79374 
79344 
794.4 
79484 
79553 

Si 

79^68 
79358 
794^8 

Sss 
79505 

79574 

„3o. 

636 
6=7 
658 
6.q 

79657 
79727 

7<?734 
79803 
7987a 

79879 

79748 
798^ 

79616 
79685 
79754 
79834 
79893 

79623 
79693 

79900 

79630 
79906 

79637 
79706 
79775 
79844 
79913 

79713 
7978. 
7^5, 
79950 

,9650 
797=0 

79937 

6^1 
632 
633 
634 

8oqd3 
80072 
80140 
80209 

79941 
80010 
80079 
80147 

a; 

80085 
801 54 

80323 

8ooa4 
80093 
80161 
80139 

79963 
8oo3o 

B0168 
80236 

79969 
80037 
80106 
80175 
80343 

79975 
80044 
80113 
80182 
80250 

a: 

80.30 
80.88 
80257 

80127 
80195 
80264 

El? 

8oi34 
80302 
80371 

3 
4 
5 
6 

8 
9 

635 
636 
637 
638 
639 

8o346 
3o4i4 
80482 
8o55o 

S0284 
8o353 
8043 1 
80489 
B0557 

80359 
80438 
80496 

8o564 

80298 
8o366 
80434 
8o5o3 
80570 

8o3o5 
80373 
80441 
8o5o9 
80577 

8o3.3 
8o38o 
80448 
8o5t6 
8o584 

ao3i8 
8o387 
B0455 
8o523 
80591 

80335 
80393 
80462 

8o53o 
80598 

8o33a 

60468 
8o536 
80604 

80339 
80407 
80475 
80543 
80611 

4 
i 
5 
5 

No. 

0 

.1 

a 

3 

4 

5 

6 

7 

8 

9 

lOogle 


TABLE  XXVI.                                IP-'s^ "» 

Logarithms  of  Kumbers. 

lHo_  (5400 7000.                                                    Log.  8061fc 

510. 

No. 

0 

.  J 

2 

3 

4 

5 

"6 

7' 

8 

9 

64o 

80618 

Jto&J 

8o63i 

8o638 

80645 

6a^ 

80659 
80726 

80665 

80672 

B0679 

64i 

80686 

t% 

8o5^ 

80706 

607,3 

80720 

80733 

80740 

80747 

64s 

B0754 

B0774 

80781 

80787 

80794 

8060. 

B0808 

808,4 

643 

80821 

8o84i 

8084U 

80855 

80862 

60875 

6*) 

80E89 

80895 

8090a 

60909 

80916 

80922 

80929 

80936 

80943 

S^i9 

4 

1 

3 

"645- 
646 

80956 

8os63 
Bio3o 

80969 
81037 

80976 
8,043 

80983 
HioSo 

rx 

a 

8.003 

81077 

B.o84 

4 
4 

647 

81000 

t;s 

8iio4 

e.124 

81.37 

81144 

Bii5i 

5 

648 

8m  58 

81178 

8,.  84 

Biio. 

81198 

8.204 

81211 

81218 

6 

i^ 

H.=24 

8i23i 

81238 

8,245 

8,25. 

8,258 

81265 

8127. 

81278 

8.285 

9 

6 

65.. 

8,29. 
8 .358 

81298 
8i365 

8i3o5 

"3T3?r 

8.3,8 

873^ 

"8733? 

87338" 

81345 

8i35. 

65i 

8j371 

81378 

8i385 

'A 

Kg 

8.405 

Bi4.r 

81418 

65a 

8,4^5 

8i43! 

8,438 

81445 

8.45. 

8147. 

8.478 

8i485 

653 

8;  553 

81498 
8.564 

8i5o5 

8i5i8 

8.525 

8i53i 

8. 538 

8.544 

8i55l 

654 

8i57i 

&1578 

8i5S4 

8.59. 

8,598 

81604 

6.617 

655 

81624 

8i63i 

81637 

81644 

8.65. 

81657 

81664 

61673 

81677 

8.664 

656 

iiS 

81829 

81704 

817.0 

8.717 

8.723 

81780 

8.737 

81743 

8. 750 

657 
658 

sisse 

l?^i 

8.783 
81849 
819,5 

^:^ 

smi 

81803 

81800 
81875 

81B82 

659 

8 1 889 

81895 

81902 

8,^8 

81921 

81928 

81941 

81948 

"66^ 

81954 

81961 

81968 

81974 

81981 

81987 

82^ 

82007 

"to^ 

66i 

82020 

82033 

82^40 

82653 

8J066 

B2145 

665 

8aoB6 

8209a 

82099 
82164 

8a,  o5 

82112 

821,9 

82125 

B2i38 

663 

82  [5i 

85158 

82171 

82,-8 

8a  ,84 

82,9. 
82250 

82263 

82304 

82210 

664 

82217 

82223 

8223o 

82236 

82243 

82249 

82269 

82276 

665 

■el^BT 

82289 

82205 
82360 

823oa 

"8^358 

823.5 

■8S"27 

8a328 

8a334 

82341 

666 

8a347 

8a354 

82367 

82373 

8a38o 

823o3 

82400 

82406 

667 

82413 

83419 

83426 

82432 

82439 

82445 

8=452 

82458 

82465 

82471 

66S 

85473 

82484 

82491 

82497 

82504 

Ba5,o 

825.7 

B=5a3 

82530 

8a536 

669 

82543 

8=549 

82556 

82562 

82569 

62575 

82582 

82588 

82595 

82601 

670 

82607 

82614 

82620 

82627 

62633 

8a64o 

82646 

82653 

82659 

82666 

671 

8^672 

s 

82685 

82692 
82766 

§:?g 

82705 

82718 

82724 

82730 

67J 

BS737 

82750 

82769 

82^76 

a 

sss 

673 

82808 

82614 

82827 

B2834 

82840 

8a847 

674 

82872 

82879 

B2892 

82898 

8=905 

8^9" 

82918 

82914 

675 

82937 

82943 

82950 

1^^ 

B2963 

82969 

S^ 

82982 

B2988 

676 

83^01 

83oo8 

83oi4 

83o2o 

B3o27 

83o3§ 

■■i3o4o 

B326 

83552 

677 

83o65 

83o72 

83078 

83o85 

83o9! 
83.55 

s: 

83.04 

83. 10 

B3ii7 

678 

83 1 23 

83129 
8319S 

83i36 

83,42 

83i49 
B32iS 

83.68 

83i74 

83.81 

679 

B3i87 

83aoo 

83206 

832.9 

B3225 

83232 

B3a38 

B3a45 

'680 

"83^^ 

"83^ 

83264 

■8T2^ 

83276 

83283 

83289 
83353 

""83=96 
8335o 

833o2 

833o8 

681 

833i5 

83321 

83327 

83334 

83340 

83347 

83366 

83372 

68= 

83378 

83385 

834^5 

S 

834o4 

834.0 

834.7 

8342! 

63420 

83436 

683 

8344a 

83448 

83467 

83474 

83480 

83487 

83403 

a 

6S4 

835n6 

835 1  a 

835i8 

83525 

8353. 

83537 

83544 

83550 

83556 

"685" 

83569 

83575 

"8358^ 

83588 

83594 
83658 

83601 

83607 

83673 

836=0 

83626 

6 

686 

83633 

83639 

83645 

8365, 

83664 

83677 

83683 

83680 
83753 

687 

83606 

83703 

83708 

837.5 

83721 

83727 

83734 

83740 

83746 

83759 

83765 

83771 

8377S 

83784 

B3790 

838o3 

83809 

838 16 

3 

689 

83822 

63828 

83835 

83841 

83847 

83653 

83666 

83872 

83879 

4 
5 

"6^ 

83885 

83B91 

83897 
B3960 

83904 

839.'. 

83916 

8^3 

83929 

83935 

83942 

3 

6^1 

83948 

83954 

83967 

83973 

83979 

83985 

8399? 

8399S 

84oo4 

6 

4 

6^5 

84m. 

84017 

84023 

84029 

84o36 

84042 

64o48 

84S55 

84061 

B4067 

4 

693 

84073 

84080 

84086 

84092 

a 

84io5 

84111 

84.17 

84.=3 

841 3o 

8 

694 

B4i36 

64142 

B4i48 

84i55 

84,67 

84.73 

84i8o 

84186 

84.92 

9 

5 

695 

84198 
84261 

84205 

84^11 

84JT7 

84223 

64230 

"B4aJ6 

84a42 

8424B 

B4a55 

656 

84267 

84273 

84280 

84286 

B4292 
84354 

a 

843oE 

843.. 

843.7 

697 

B4353 

84330 

84336 

84342 

B4348 

84367 

84373 

84379 

69E 

84386 

84392 
84454 

84398 
S445o 

84404 

844.0 

844 17 

B44a3 

84429 

84435 

B444a 

J?_ 

84448 

84466 

84473 

84479 

84485 

84491 

84497 

845o4 

No. 

0          1 

a    i    S 

4    1     5 

G 

7 

8 

9 
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Page  ISO]                                  TABLE  XXVr. 

Logarithms  of  Numbers. 

Hrt    ■ynjifi Ti^n                                                                          J j.tv    RJ'iir 

3081. 

i\o.  juuu /tjuu,                                                      ■'-'"e"  ^^"^^^ 

No. 

0 

1 

3 

3 

4 

5 

6    I     7 

8 

9 

'8^510 

845i6 

84517 

845=8 

84535 

84541 

84547 

84553 

84559 

84566 

7 

84572 

84578 

84584 

84590 
84652 

84597 
84658 

846o3 

84609 

B46i5 

8462, 

702 

84634 

84640 

84646 

84665 

84671 

84677 

84683 

703 

84696 
84757 

84702 

84708 

84714 

847'0 

84726 

84733 

84739 

84745 

8475, 

3 

704 

84763 

84770 

84776 

84794 

848oo 

84807 

8481 3 

4 
5 

3 

1^ 

84819 

848=5 

8483 1 

84837 

8484? 

8485S' 

84856 

8486= 

4 

706 

848SCI 

84887 

g;§ 

84905 

849M 

B4917 

849=4 

B4930 

84936 

6 

8494a 

84948 

84967 

84973 

B4979 

849B5 

8499' 

a 

5 

708 

85oo3 

85oo9 

85oi6 

85022 

85028 

85o34 

85o4o 

B5o46 

85651! 

6 

709 

85o65 

85o7i 

85077 

85o83 

B5o89 

85095 

85101 

85io7 

85, 14 

85 1 20 

^ 

710 

85i26 

85,32 

■35738- 

B5i44 

85i5o 

85j56 

■85r63 

65,69 

85175 

ssTsT 

85187 

85  93 

85  99 

85ao5 

852  I 

652  7 

85==4 

85=30 

85=36 

85=4= 

85248 

8^4 

85  r 

85  66 

85272 

85278 

85=85 

r,? 

85=97 
R  358 

853o3 

7i3 

853oQ 

853  5 

&  i 

8       1 

f     1 

85364 

7'4 

85370 

B537f 

f 

— ^ 

854=5 
85485 

""^75" 

B543i 

&54J7 

716 

85491 

assis 

85546 

717 

85552 

856o6 

7i8 

85612 

8jb  8 

b 

85667 

7'9 

85673 

85679 

fa     h 

8f,j 

fy 

8 

? 

*> 

8        I 

85727 

720 

85733 

85739 

85  45 

8575 

8     5" 

WW 

85709 

85775 

a  7S1 

85788 

Sli 

858o2 

858oo 

85b  2 

8j824 

858  3o 

85836 

8584 

8584B 

85860 

85866 

85872 

858  8 

ns 

^$ 

85902 

85908 

7=3 

85914 

S59W 

850.6 

8593= 

85938 

85944 

85962 

86968 

7=4 

85974 

85986 

8599= 

85998 

86004 

86010 

86016 

8602= 

-2- 

86034 

86046 

|o^ 

86o58 

86064 

86070 

86076 

86082 

86088 

6 

726 

B<3o94 

B6ic« 

86118 

861 3o 

86i36 

86,4i 

86,47 

727 

86153 

86159 

86i65 

se!?' 

86177 

86i83 

86,89 

86.95 

86207 

7s8 

86=  i3 

86=19 

662  5 

86  37 

86  4" 

863o§ 

mh 

86=61 

86=&7 

3 

729 

86279 

86285 

86  9 

^97 

863 

863  4 

863=o 

86326 

4 
5 

a 

~^3r 

8633? 

86338 

86344 

86  5, 

86356 

8636 

66374 

863So 

3 

73i 

s 

86398 

864  4 

S 

Si 

86433 

86439 

86445 

6 

4 

732 

86463 

86469 

493 

a 

865o4. 

7 

4 

733 

865io 

865 16 

865  h 

6  5 

86564 

8 

5 

734 

86570 

86576 

8658 

86  b 

1 

~5^ 

866,7 
86676 

86623 

2 

5 

laT 

86635 

8664 

'm~ 

736 

86694 
86753 

86700 

807 

&£ 

86735 

8674^ 

737 

S6747 

86759 

86764 

8C 

sn 

73s 

S68o5 

86811 

Ss? 

86835 

8684 

86847 

86859 

739 

S6864 

86870 

8689 

8lt)oo 

80906 

B691! 

'740 

86953 

869=9 

86335 

6b94 

8r947 

86953 

66958 

86964 

86970 

741 

86982 

86986 

^It 

Ss 

87005 

8701. 

870,7 

87023 

87029 

742 

87040 

87046 

87064 

87070 

87075 

87087 

^r. 

743 

fS 

87105 

87... 

87M6 

871=2 

87,28 

87134 

87140 

S7146 

744 

87163 

87169 

87175 

87181 

87.86 

8719= 

87198 

87204 

872,0 

■74s 

87=16 

87=21 

872.7 

835" 

■8^ 

8?^ 

87^51 

87256 

8726= 

8726B 

746 

87=74 

87=80 

87286 

a,.,. 

§?I?I 

87303 

87309 

873,5 

873=0 

873=6 

747 

8733= 

87338 

87344 

'& 

87361 

87367 

87373 

87379 

87384 

748 

87390 

ss 

8740a 

87413 

87419 

874=5 

87431 

87437 

87442 

749 

B7446 

87460 

87466 

87471 

87477 

87483 

S7489 

87495 

87500 

TK" 

87506 

875.2 

895iF 

87523 

875^^ 

87535 

87541 

87547 

87552 

87558 

S 

75i 

87564 

87570 

87576 

87581 

87587 

t^t 

8765I 

87604 

S7610 

876,6 

753 

87622 

876=8 

87633 

87639 

87645 

87662 

87674 

7^3 

87679 

87685 

87691 

?,1S 

87703 

87708 

87714 

87720 

87726 

87731 

3 

754 

67737 

87743 

87749 

87760 

87766 

8777= 

87777 

877S3 

izz59 

4 

5 

■753- 

87795 

87800 

87806 

87818 

878=3 

87829 

^^835" 

■8^84r 

87846 

756 

878S2 

87858 

87B64 

87869 

87875 

87887 

87892 
87950 

87B98 
87955 

87904 

6 

757 

8791D 

B7915 

87921 

87927 

87933 

87938 

87944 

8796, 

758 

87967 

87973 

87978 

87984 

87990 

t^ 

8800, 

88007 

7^9 

880=4 

88o3o 

88o36 

88c4i 

88047 

88o58 

88070 

B8076 

_9. 

No. 

0 

1 

3 

3 

4 

5 

6 

7 

6 

9 
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TABLE  XXVJ.                                 [P^s^isi 

Logarithm  a  of  Numbers. 

No.  7a00 830O.                                                      Log.  88061 91381. 

No" 

0 

1 

9 

3 

4 

5 

6 

7 

8 

9 

,60 

88081 

88087 

88093 
8at5o 

88098 

88104 

88116 

lOT 

0 

761 

88i38 

88144 

88i56 

88161 

88.67 

88173 

88178 

88.84 

88190 

76. 

88201 

88207 

88224 

88230 

88=35 

8824. 

88=47 

li\ 

763 

88258 

8B2b4 

88270 

88275 

88281 

88292 

88298 
88355 

88304 

u 

tn     9 

(■ill 

B 

'1     u 

bIJJi 

0 

"      4) 

88349 

88360 

4I2 

1 

'>84o6 

88412 

88:^ 

5    3 

Sb463 

8M74 

6  4 

&85i9 

88525 

8853o 

7  4 

'^'^5  h 

8   5 

y 

/    1             1 

1 

H   4S 

8'ifi|3 

9l-L 

~77^ 

SI 

8H0b5 

8800. 

bbODO 

8bJ7s 

771 

88711 

887 17 

88722 

887->8 

7-2 

88762 

887Cr7 

88773 

88779 

8884 

773 

88818 

b^     9 

1  «i 

S8&  s 

774 

-75 

&&7^i 

88897 

8Sq   2 

<'S;,S 

t  I,  1 

b  919 

8B925 

88953 

88^ 

88904 

B8969 

889-5 

776 

88v 

S9009 

89014 

890=0 

89-25 

89081 

89037 

777 

8904 

b^ 

89070 

89076 

690B1 

89087 

89.92 

77a 

89^9)1 

891=0 

891=6 

89131 

89.37 

89143 

89.48 

779 

89154 

89159 

891 65 

89170 

89176 

89182 

89.87 

89.93 

89. 98 

89204 

780 

8^6^ 

89215 

89221 

89226 

89232 

89237 

89243 

89248"" 

89254 

89260 

781 

8927, 

89276 

89282 

89287 

89=93 

a 

89304 

^9^J? 

M'^ 

781 

893s  I 

89326 

89332 

89337 

B9343 

89348 

89360 

89355 

8937. 

783 

89376 

89382 

89387 

89393 

89398 

89404 

89409 

89415 

89421 

89426 

■jS4 

89433 

89437 

89443 

8,448 

89464 

8^459 

89465 

89470 

89476 

89481 

iw 

S9487 

PMi 

11?? 

89504 

89509 

895(5 

89520 

89626 

8953. 

89537 

69559 

895b4 

895-0 

89575 

89581 

89586 

89592 

t     9 

89613 

89620 

89635 

89631 

89636 

8^42 

B9647 

\ 

89669 

89675 

89i>8o 

89686 

89^1 

89697 

89702 

8<r2, 

89730 

89-35 

89741 

89746 

89752 

89757 

"r""? 

e9-'85 

89-90 

B9796 

B9S01 

89807 

8^877 

Sj'14 

898^1 

89856 

89862 

89867 

*'> 

»,s  s 

89905 

89911 

899.6 

89922 

793 

89927 

89933 

' 

89960 

89^6 

89971 

89977 

f 

^! 

S99S8 

9 

90015 

9°°'" 

90026 

9 

., 

90069 

90075 

90080 

90086 

/  >' 

ii 

P-i^--     /      b 

.  iH    9  1.9 

90124 

90129 

90.35 

90.40 

;   146 

90137 

90173 

^St 

90184 

90189 

90.95 

9020D 

90211 

90217 

90522 

go==7 

90=38 

90244 

90249 

&Z~ 

90260 

90266 

90271 

90276 

90282 

90287 

90^93 

9029B 

gi 

9<idT4 

9o'-o 

90325 

9o33i 

90336 

90342 

90347 

90352 

801 

903C9 

90374 

9o38 

903&5 

9039 

9o3g6 
90450 

90401 

90407 

904.2 

8o2 

90417 

^     S 

9C     8 

90434 

9  5 

90445 

90455 

9046. 

90466 

8o3 
804 

90472 
90526 

90  77 

£^ 

90488 

r?! 

9(5o4 
9o558 

& 

905.5 
90569 

905=0 

90574 

"805 

ooSSo 

9  585 

96.2 

906.7 

90623 

90628 

5 

806 

90634 

& 

9067. 

90677 

90682 

T 

807 

S0687 

S 

90-20 

90725 

90730 

90736 

808 

9074: 

90747 

9.-73 

90779 

90784 

^4^ 

3 

.?2_ 

90795 

90800 

9 

;*> 

9  827 

90832 

90838 

4 
5 

90849 

9085 

9     So 

y    '^ 

9  a 

9.88. 

"^^885 

90B91 

90897 

3 

90902 

909-7 

909  3 

9C9  8 

994 

909  9 

9(934 

90940 

90945 

90960 

6    J 

81S 

90^6 

9^96 

909O6 

9  97 

90977 

909& 

90993 

90^ 
91052 

91004 

7  4 

Bi3 

91909 

9J014 

91020 

91025 

9io3o 

91036 

9104? 

91046 

91057 

8,4 

91D6B 

91073 

9.078 

91084 

9'°S9 

91094 

9.100 

9..05 

915 

■8T5- 

91116 

91121 

91126 

91135 

91137 

91142 

91148 

'Sf 

91164 

816 

9:169 

91174 

91180 

91185 

91.90 

91196 

91201 

9.2.2 

91217 

8.7 

911=2 

91=38 

91333 

91238 

91=43 

91339 

91=54 

|t259 

9.265 

9' '79 

8:8 

91,75 

91281 

91 386 

91 291 

91297 

9130? 

91307 

9i3i2 

9.3,8 

9.3=3 

_8i9_ 

No. 

91328 

91334 

9.339 

9i3il4 

9i35o 

91355 

9i36o 

9.365 

9- 37 1 

91876 
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Pisroiesj                                  TABLE  XXVI, 

Logarithms  of  Numbers. 

No.  8200 8800.                                                       Log.  0J38X 94448. 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

8l3 

8=3 
824 

9188! 
91434 
9M87 
91540 
g.593 

91387 
91440 
91492 
91545 
91598 

91603 

liiti 

9i5o3 
91556 
9,609 

91403 
91455 
9,508 
5,561 
91614 

9,408 
9,46: 
9,5.4 
9,566 
9,6,9 

9,413 
9,466 
9,519 
9,571 
9,624 

914,8 
91471 
91524 
9,577 
91630 

9.424 

9'477 

91529 
91682 
91635 

91429 
91481 
9.535 
91587 
91640 

3 
4 
5 
6 

8 
9 

1 

8=6 
8^7 
828 

82Q 

91645 
^.698 
91751 
91803 
9.355 

91651 
91756 
91861 

9,656 
9,709 
9176, 
91814 
91866 

91661 
91714 
91766 
91819 
9,871 

9,666 
917,9 
91772 
91824 
91B76 

91672 
91724 
91777 
91819 

91780 
9,782 
9,834 
9,887 

91681 
9,735 
91787 
91840 
91892 

9,037 

91740 
91793 
9IS45 
91897 

91693 

9,745 

9,903 

3 
4 
4 

5 
5 

83i 
83s 
833 
834 

91908 
91960 
92012 
91065 
9S.17 

91913 
91965 
92018 
92070 

91918 
91971 

92075 
92,27 

9,924 
9,976 
9202B 
920S0 
92,32 

9.929 
9' 98- 
92033 
92085 
92187 

919^ 
9,986 
92033 
92091 
92143 

9,939 
9199, 
92044 
92096 
92,48 

91944 
9,997 
91049 

91950 

91054 
92158 

91935 

92059 
911 II 
91163 

835 
836 

839 

92,09 
92221 
93273 
93324 
92376 

92174 
92226 
93278 
93330 
92381 

92179 
92231 
92283 
02335 
92387 

92236 
92340 

92.B9 

9^311 
92897 

92195 

92298 
9235o 
92402 

92200 

923o4 
92355 
92407 

92205, 
92257 
92309 
92361 

9=412 

91210 
92262 
923,4 
92366 
924  iB 

92215 
92267 
92319 
9237, 
924=3 

840 
84i 
842 
843 

844 

92428 
92480 
92531 
92583 

9^534 

92433 
92485 
92536 
92588 
9=639 

92438 
92490 
92542 

92645 

92443 
91495 
92547 
92598 
92650 

9^449 

92552 
92603 
92655 

92454 
925o5 
92557 
92609 
92660 

92459 

9251  E 
^2562 
92614 
92665 

92464 
92516 
92567 
92619 
92670 

914Q9 
9252, 
92572 
92624 
02675 

9^474 
92526 
9=578 

92681 

346 
847 
843 
840 

956B6 
927^7 

92840 
92891 

92691 
92742 
92793 
92845 
92896 

92690 
92747 

9290, 

9270, 

92855 
91906 

92706 
93758 
92809 
92860 
929,, 

91711 
91763 

92865 
92916 

927,6 
92768 
928,9 

92921 

92722 
92778 
92824 
92875 

9288, 
92931 

92782 
92783 
92834 
92B86 
93937 

3 
4 
5 

I 

> 

85i 
85= 
853 
854 

92942 
9=993 
93044 
93095 

92947 
92998 
93049 
g3ioo 
93i5i 

92952 
93S03 
93o54 
93io5 
931 56 

92957 
9300S 

93059 

93,10 
93161 

92961 
930,3 
93o64 
93ii5 
93,66 

92967 
93018 
93069 
93120 
93171 

92973 
93014 
98075 
93.35 
93,76 

92978 
930=9 
98080 
Pi3i 
98181 

92983 

93o34 
93q85 
98186 
98186 

92988 
93039 

93i9> 

3 
3 
4 
4 

5 

856 
857 

85g 

9ii97 
93247 
93298 

93202 
93262 
933o3 
93354 
93404 

98207 
93258 
93308 
93359 
93409 

93212 

93263 
933i3 
93364 
93414 

93268 
93318 
9^3369 
93410 

9i222 
93273 
93323 
93374 

^3425 

93227 
98278 
93328 
93379 
93430 

93232 

93283 
93334 

93384 

98188 
93339 
9333; 
53440 

93141 
93293 
933a 
^3394 
93445 

36i 
862 
863 
864 

93500 
93551 

93601 
93651 

93455 
935o5 
93556 
93606 
93656 

93460 
93510 
9356, 
93611 
93661 

93465 
9351 5 
93566 
936,6 
98666 

93470 
93530 

98671 

93475 
93526 
93576 
93616 
93676 

93480 
9353, 
93581 

93631 
93632 

93536 
93586 
93636 
98687 

93490 

9359, 
93641 
03692 

93495 
^556 

93697 

865 
866 

Z 

93702 
93752 
93801 
93852 
93902 

93707 

^85? 
93907 

lit. 
93862 
939,2 

93717 
937&7 
933,7 
93867 
939,7 

93722 

$111 
93872 
93932 

937^7 
93777 
93B27 
93377 

93732 

93882 
93933 

93737 
98787 
93337 
93887 
93937 

93742 
93792 
938^ 
93891 
9394= 

93747 

93397 
03947 
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8,4 

93952 
94002 

Lo52 

93957 
94007 
94o57 
94106 
9i>56 

939^^ 
940,2 
94062 
94111 
94t6> 

93967 
94017 
94067 
941,6 
94,66 

93972 
94032 
94072 
94121 
94,71 

93977 
94027 

94176 

93982 
94o3i 
94081 

94.8, 

94037 
94086 
94,36 
54,86 

S^2 
94091 
94,4, 
94191 

93997 

54i46 
94.96 

3 
4 

5 
6 

8 

B75 
8,6 

No. 

94201 

94250 
94300 
94349 
94399 
0 

94206 
94255 
943o5 
94354 
g44o4 

1 

943,1 
94160 
543,0 
94359 
94409 
3 

94116 
94^65 
^3i5 
94364 
944,4 

9422, 
94270 

^320 

94369 
944,9 

94226 
94275 
94325 
94374 
94424 

9423, 
94280 
94330 
L379 
94429 

94i36 
94285 
94335 
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94433 
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& 
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94295 
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944^ 

•s 
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5 

G 

7 

8 
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TABLE  XXVI.                                (P^se  i83 
logarithms  of  Numbers. 

Ho.  8800 9400.                                                      Log.  94448 9J313. 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

eso 

882 
883 
884 

94448 
9449S 
94547 
94596 
94645 

94453 
945o3 

9445B 
94507 
94557 
94606 
94655 

94463 
94512 
94562 
geii 

94468 
945.7 
94567 
94616 
94665 

94571 
9462, 
94670 

94476 
94527 
94376 

946^5 

94483 
94532 
9458, 

94488 

& 

94635 
94685 

9468, 

3 
4 

1 

) 

885 
886 
887 
8P8 
889 

94(194 
94743 
9479' 
94a4s 

94797 

04846 
94895 

94704 
94753 

94900 

94807 
94856 
94905 

94714 
94763 
94812 
54661 
949^0 

946,  J 
94866 
949(5 

94724 
94773 
94822 
94871 
949.9 

94827 
94876 
94924 

94734 
94783 
94832 
94880 
94929 

94738 

$11 
94885 
94934 

3 
3 
4 
4 
5 

z 

89= 

893 

Bp4 

9^033 
$5134 

94944 

95046 

94934 
95002 
95o5i 
95ioo 
95.48 

94969 

95o56 
95io5 
55153 

94963 
95012 
96061 

$3 

94968 
95017 
95066 
95114 
95.63 

94973 
96022 
96071 
95119 
95.66 

94978 
95027 
95075 
96124 
95,73 

94983 
95o32 
95080 
96129 
95,77 

895' 
896 
897 
898 
8qo 

95i8a 
95231 

P5376 

& 

95=84 
95332 
9538: 

95389 

95337 

95386 

q53oc 

9^202 
95a5o 

9534 

y  9 

95207 
95255 
953o3 
95352 

9 

95211 
95260 
95308 
95     7 

952,6 
95=65 
953  3 
95361 
^40 

9522, 

95270 
953,8 
95366 

954,5 

96274 
953=3 
9537J 
95419 

900 
901 
902 
903 

qo4 

95424 
95472 
95531 
95569 
5561? 

9W29 
95574 

9543., 
95462 
95530 
95578 
9562b 

95439 

9553 
95  8i 
9563 

4.8 
06 
5  4 
60 
;    50 

95463 
^5„ 
95559 
95607 
95655 

95468 
95516 
95564 
956,2 
95660 

906 
909 

95665 

11 

95861 

9^74 
95722 

iWl 

95806 
95914 
95961 
96009 
96057 
96.04 

9b(^9 
95727 
95775 
958a3 
95871 

9  tj') 
95732 
95780 
95S28 

95875 

9'^737 
9    85 
9  832 
95880 

^57.^2 
958BJ 

95698 
9.746 

95890 

96703 
9575, 

li 

9570b 
95756 
95804 
95852 
95699 

9 

9 
9 
9 
9 

3 
4 

95952 

95999 
^957 
96004 
96052 
96099 

95918 

96014 
96061 
96109 

95923 
95971 

$^ 
96m4 

95928 
^6 
96023 

961,8 

95933 
959B0 
96028 
96076 
96,23 

95938 
^5^5 
96033 
96080 
961 2S 

9i94' 
■^ 

96085 
96133 

96042 

9 
9 
9 
9 

6 
8 

9bi42 

& 

96147 

96,52 

96204 
96251 

96346 

96161 

963o3 
^35o 

^6213 
9626. 
96308 
96355 

96,7, 
96218 
96265 
963i3 

|223 
96270 

^3 17 
96365 

96227 
96275 

96,85 
96=32 
96280 
963=7 
96374 

930 

5.6 
g 

1 
933 

f 

S 

939 

II 

S<384 
S«43i 
96478 
C6525 

06435 
96483 
96530 
96577 

96487 
95534 
96581 

96398 
96445 

96402 
96450 
96497. 

9659, 

96454 
96501 
96548 
96595 

964.2 

96553 
96600 

9«4i7 

9642, 
96468 
965,5 
9656= 
96609 

96661 
96708 
96755 

96802 

96713 

96624 
96670 
96717 
96764 

96628 
96722 

SI 

96633 
96680 
96727 

9663s 
96685 

96642 

96O47 
96694 
9674, 
96786 
96834 

96652 

96656 
96703 
96750 

3 
4 
5 
3 

6 

1 

9684a 
97035 

96853 
96900 

96946 
96903 

97039 

96858 
96904 
96951 
96997 
97<-<4 

96B62 

97002 
97049 

96867 

96872 
97011 

97058 

96876 
96923 
96970 
97016 
97063 

96928 
96974 
97021 
97067 

96979 
97025 
97072 

^4 
97o3o 
97077 

3 
i 

97081 
97128 
97174 

97250 
97Sft7 

970B6 

97i32 
9717? 
97225 
97271 

97183 
97230 
97276 

97095 
97142 

97. 88 
97^34 
97280 

97,00 
97,46 
97,92 

972^9 
97285 

97290 

97202 

97=48 

97294 

97114 
97,60 
97206 
97253 
97299 

97„8 
97,65 
97211 
97267 
97304 

97,23 
97169 
972,6 
97262 
97308 

No. 

0 

1 

3 

3 

4 

5 

6 

7 

8 

9 
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P's^m                                 TABLE  XXVI. 

Logarithms  of  Numbers. 

No.  9400 10000.                                                     Log 

OUf). 

No. 

0 

1 

a 

3 

4 

5 

6 

7 

8 

9 

9731 3 

974o5 
97451 
97497 

97317 
973S4 

97502 

^368 
97414 
97460 
97506 

97511 

97J31 
97377 
97424 
97470 
97516 

97J36 
97382 
97428 
97474 
97520 

973^0 
97387 
97433 

97346 

&l 
97483 
97529 
^57T 
976" 
97667 
97713 
97759 

& 
S 

97354 
97400 
97447 

3 
4 

5 
6 

9 

—,( 

,45 

947 
948 
949 

97543 

97681 
97727 

97548 
97594 
97640 
^,685 
97731 

9755. 
97598 
97644 

97557 
97603 

& 

97740 

97562 
97607 
97653 
97699 
97745 

97666 
97612 

97704 
97749 

97571 
97617 
97663 
97708 
97754 

97560 
97626 
97673 
97717 
,7763 

|?po 
97676 
97722 
97768 

3 
3 
4 
4 

5 

,5o 
,5, 

?53 

954 

97S64 

97777 
978=3 
9786ii 
979'4 

97782 
97827 
97873 
97918 

97877 
979'3 

97968 

97836 
97882 
97928 
97973 

97795 
97841 
97886 
9793= 
97978 

97800 
97345 
9789, 
97937 
97982 

97804 
97850 
97896 
97941 
97987 

^11 

97900 
97946 

9799' 

97613 
97859 
97905 
97950 
97996 

955 
937- 

98000 
9S046 

98182 

9S005 
98050 
98096 

9fii86 

98100 
98146 

98014 

98059 
98105 
98150 

98.95 

98200 

9B023 
98066 
98114 
98159 

98028 

$f, 

96164 
98209 

98032 
98078 
98123 
96168 
982,4 

9bod7 

98127 
98173 
982,8 

96041 
982^3 

9*9 

98==7 
98272 
9S318 
9'.3->3 

98,3. 
98177 
5&3=2 

>3r^ 

98236 
98281 

9     ' 

9B241 
98286 

08331 
98376 

g842I 

9H245 

98426 

9S250 

s 

98430, 

98254 

& 

98259 
983o4 
9834Q 

9B263 
98308 
98354 
9E399 
9B444 

963i3 
98358 
98403 
98448 

8.66 

^■1511 
jb556 

^471 

98561 
98605 

96650 

98475 

98520 
9S565 
986,0 
98655 

98535 

?S6i4 
9865, 

9B529 
9^574 

98664 

9B4B9 
9B534 

11 

96563 
98628 
98673 

970 
971 

r- 

9-fo 
9" 

9-1 

9  1 
97- 
97S 

j:2. 
980 
9B1 
98= 
983 

96677 
9872  = 

;9^^4 
99  "S 
99,^3 
99167 
99=" 
99^55 
99300 

98062 
987=6 

^83 
99127 
9917' 
99216 
99260 
a93o4 

9&086 
98731 

99^87 

98780 
;8B>5 
fy86q 

^87^ 

98700 
98834 

98883 

98843 

987,^ 

^802 
98847 
^89! 

9^717 
98762 
9SB07 
^5; 
98896 

yb9'4 
j„958 
99003 
99047 
99092 

98918 
9S953 
99007 
99052 

99012 
99056 
99100 

98927 
98972 
990,6 
99061 
99,05 

98932 
9B976 
990=1 
99065 
99109 

989* 

99025 
99069 
99" '4 

98941 

99029 
99074 
99118 

9913, 
99176 
99220 
99264 
9930a 

99.* 
99180 
995,4 

99140 
99185 
99229 
99273 
99317 

99145 
99189 
991.33 
99277 
99322 

99149 
99193 
99238 
99282 
99326 

99' 54 
99198 
99242 

9p3o 

99.5S 
99202 
99=47 

99162 
99207 
99251 

986 
987 

989 

99344 

9943= 
99470 
995=0 

99348 

& 

99450 
99514 

99Ji2 

&: 

99484 
99528 

99357 
99401 
99445 

99301 
994o5 

99366 

99370 
994 14 
^58 
99502 
99546 

99374 

^^555 

99884 
99015 

3 
4 
5 
6 

6 

i 

990 

99' 
99= 
993 
'»4 

99564 
99607 

99695 
9^39 

99558 

9957^ 
99616 
99660 
99704 
99747 

99577 
99621 

99708 
99762 

^5 
99669 
99712 
99756 

99585 
99629 
99673 
997,7 
99760 

99677 
99721 
99765 

99582 
99726 
97769 

99599 
99642 
99686 
99730 
99774 

99S7 
W7B 

3 
3 

996 
997 
998 

9978J 

99870 
99913 

99787 

99830 
99874 
99917 
90961 

99878 
99922 

99965 

11 

99926 
99970 

99800 
99843 
99887 
99930 
99974 

99978 

99808 
99852 

999^c 

^56 
99900 
99944 
99987 

99861 
99904 
99948 
99991 

99909 
99,55 
999^ 
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TABLE   XXVII. 

.r.,.,.5 

Log.  Sines,  Tan 

lents,  and  Secants. 

D° 

179° 

M 

HourA.!! 

Homp.M 

Sine. 

Diir.l 

Cosecant 

Ta„ffe„U 

Dlff.l 

Colangen 

Secant 

Cosine- 

M 

60 

na? 

Inlinhe. 

Inf.  Neg 

Infinlxe. 

11 595 

0     fl 

3oio3 

13.53627 

6.46373 

3oio3 

13.53627 

u 

'■J4-. 

(    ifi 

76476 

iTfcs 

23524 

76476 

.7605 

23524 

59  TO 

0   >4 

o4o85 

12494 

0591 5 

9408 

12494 

05915 

57 

■■h^ 

c    3 

706575 

969 

,2.93421 

7-06579 

969 

12.93I21 

56 
55 

n   59=0 

0   0   40 

7  1627. 

79ifl 

12.83730 

7.1627c 

^ 

12.83730 

5^,5 

6S94 

7.58.2 

24,88 

54 

I^J 

0  si 

3o88 

58I1C 

69118 

3oB8 

5800 

69118 
633 18 

53 

8 

5ii 

653  r8 

3668 

5m5 

5? 

J 

58  48 

I    1: 

41797 

457t 

58203 

4179 

JStG 

582o3 

0000 

00000 

5i 

5o 

I.  58  «. 

7  46373 

-4T3- 

7^536^ 

7.46373 

^73^ 

12,53627 

58  32 

5o5[ 

377 

4^11 

5o5i 

377s 

49488 

it 

13  24 

I    36 

5429 

347 

5425 

3476 

45709 

4.23J 

i3 

53  16 

1     44 

577&7 

321S 

3219 

47 

i4 
i5 

58     8 

I    5= 

60985 

-1- 

39015 

39.14 

oooot 

00000 

46 

45 

,1  5t!     0 

76398 

ia.36or8 

7.63982 

i2.36o,8 

16 

57  5 

66784 

j633 

33216 

66785 

2633 

332,5 

44 

574^ 

s    16 

694.7 

2483 

3q583 

694.8 

2482 

3o582 

9.99999 

43 

57  3f. 

a    i4 

71900 

2348 

71900 

2348 

28100 

99999 

42 

I? 

57  a8 

a    32 

74j48 

3=^7 

25752 

74248 

25752 

99999 

41 

4p 

[1  57  20 

0    1    4o 

7l64^ 

2119 

12.23525 

7-76476 

2111 

,2.23524 

10.0000 

9-99999 

57  12 

J    48 

78594 

2i4o6 

78595 

='^25 

99999 

i 

57    4 

s    56 

8061 5 

i 

19335 

80615 

,931 

19385 

99999 

53 

56  56 

3     4 

82545 

.?455 

82546 

.848 

J7454 

99999 

37 

s4 
=5 

56  48 

3    12 

84393 

1773 

15607 

84394 

1773 

i56o6 

99999 

35 

ri  56  4o 

0   3    >o 

786.66 

1704 

12.13834 

7.86167 

1704 

12.13833 

9.99999 

56 

56  32 

3    28 

87870 

,639 

12l30 

87871 

1639 

12129 

99999 

34 

^8 

5b  s4 
56  16 

3    36 
3   44 

Itu 

;i3 

10491 

895,0 
9,080 

1579 

l52. 

,0490 

^ 

99999 
99999 
9999S 

33 

32 

^ 

56    8 

3   52 

^26.2 

1472 

0738E 

926.3 

1473 

0000 

3i 
■3f 

1.  56    0 

0  4     0 

794084 

i4a4 

12.05916 

'1424 

12.059,4 

9.99998 

3i 

55  52 

4     B 

95508 

.379 

04492 

95510 

iSg 

04490 

99998 

It 

33 

55  44 

4    16 

96887 

i336 

o3ii3 

96889 

o3,,i 

99998 

33 

55  30 

4   M 

98223 

1297 

01777 

9822? 

1297 

01775 

99998 

27 

34 
35 

55  28 

4   32 

9952„ 

.2S9 

99522 

2^? 

00478 

0000 

99998 

l5 

11  55  20 

0  4  40 

8  00779 

1223 

11.99221 

8.0078, 

11.99219 

9,99998 

36 

55  ij 

4  48 

1190 

x> 

02004 

"To 

97996 

99998 

24 

37 

05    4 

4    56 

j435o 

m58 

o3i94 
04353 

96866 

0000; 

99997 

23 

38 

5^  56 

5      4 

1128 

95650 

95647 

0000^ 

99997 

39 

4o 

"ia  aS 

5    12 

.5478 

945aa 

o548i 

945,9 

oooo3 

99997 

TO 

11  54  ^' 

0    5    20 

8  06578 

'072 

11.93422 

8.0658, 

i^z 

11.934,9 

1O.OO0O3 

9,99997 

4' 

•^n  32 

5    j3 

Q7fi5o 

io46 

92350 

07653 

1047 

92347 

99997 

S 

45 

5a  24 

5    3j 

08696 

9r3o4 

08700 

0000: 

99997 

43 

54  Jfi 

5   44 

09718 

999 

t^^ll 

09722 

99S 

89280 

99997 

44 

45 

54    8 

5    5? 

976 

99996 

.6 
i5 

I   54     0 

060 

3  1.693 

954 

lr.883o7 

8-1,696 
12651 

11.88304 

9.9999S 

46 

53   5:; 

6     8 

.2647 

934 

S7353 

934 

87349 

99996 

i4 

53  44 

i356; 

t$ 

86419 

13585 

9.5 

864i5 

99996 

,3 

48 

53  36 

6    24 

14495 

855o5 

i45oo 

§95 

855oo 

99996 

g 

53  18 

D   3-> 

,539. 

877 

84609 

15395 

878 

B46o5 

0000. 

99996 

7^ 

I  53  =0 

8   16268 

860 

11.83732 

8.16273 

860 

9.99995 

5i 

53  iJ 

6   48 

843 

82872 

17133 

843 

82867 

99995 

I 

52 

53    4 

6   56 

17971 

827 

\ie 

828 

82024 

99995 

53 

52  56 

7     4 

i8?98 

813 

81202 

812 

8119C 
80864 

oooo5 

99995 

54 

55 

5i  48 

7    I? 

,96^0 

797 

80390 

19616 

797 

oooo5 

99995 

6 

5 

.  5j4o 

782 

"•,« 

8.204,3 

782 

-,«? 

9.99994 

56 

52    32 

7    28 

"  Insl 

it 

i:X 

756 

00006 

99994 

4 

57 

5     j4 

7    3h 

21958 

7804^ 

78036 

00006 

99994 

3 

53 

'2  16 

7     44 

227,3 

743 

77287 

22720    742 

77280 

00006 

99994 

59 

52    8 

■7       5i 

23456 

73o 

76544 

23462      73o 

76538 

99994 

So 
M 

52     0 

8      0 

24186 

758,4 

24192     718 

75808 

00007 

99993 

M 

Hour  P.M. 

lonrA.M. 

Cosine. 

KftiT 

Sccaiil. 

Colai,gci,lDiff.l' 

Taiigont, 

Cosecaiil. 

Sine, 

p. 

al8G] 

TABLE  XXVII 

M 

Log.  Sines,  TaiigPiits  and  Secdiits. 

178^ 

MourA.l>[. 

HourP.M. 

Sine. 

Diff.l' 

Cosccai. 

T^itent 

Dm  I 

Colangeul 

Secant. 

Cosiae. 

M 

M  5.  0 

080 

8.24.86 

717 

M.758J 

8  24192 

W 

1.-75808 

9.99993 

5,  5= 

8  8 

24903 

7q6 

75097 

25l'6 

-06 

75090 

99993 

5? 

5i  44 

8  j6 

25609 

S5 

7439. 

Z 

74384 

00007 

99993 

5g 

3 

5i  36 

263o; 

73696 

a63i2 

73688 

00007 

99993 

57 

"I 

5i  s8 

8  3-J 

26988 

673 

73o;2 

26996 

673 

73oo4 

00008 

99992 

56 
55 

0  8  40 

"SeT 

^1. 72339 

8  J7669 

"663 

I.. 72331 

lO.OOOO* 

9.9999s 

5r  13 

653 

71670 

28332 

654 

71668 

00008 

99993 

54 

5[  4 

8  56 

28977 

644 

7.0^3 

28986 

643 

71014 

00008 

99993 

53 

5o  56 

9  4 

29^2, 

634 

70370 

Zil 

634 

70371 

00008 

99992 

52 

_? 

5o  48 

9  12 

30255 

624 

697^^ 

625 

69737 

00009 

99991 

5[ 
5o 

..  5o4o 

0  9  20 

8.30679 

616 

"^5.5 

8  3  ■888 

6  7 

"'6^4?5 

9.99991 

5o  3i 

9  :8 

31495 

608 

3i5c5 

607 

99991 

s 

5o  =4 

9  36 

32  .d3 

599 

32,12 

599 

67888 

99990 

i3 
75 

5o  16 
5o  8 

944 
9  5a 

32702 
33295 

III 

66?^ 

33302 

a 

3 

00010 

99990 
99990 

47 

46 
45 

II  5o  0 

8.33875 

sw 

11.66.25 

8.33886 

575 

.1.66114 

9.99990 

i6 

49  5= 

10  8 

34450 

568 

65550 

34461 

568 

65539 

99989 

44 

49  44 

10  16 

35oi8 

56d 

64982 

35029 

56i 

64971 

99989 

43 

49  38 

10  24 

35578 

553 

64422 

35590 

553 

644. 0 

99989 

42 

^ 

49  =8 

iO  32 

36i3i 

547 

63869 

36i43 

546 

63857 

00011 

99989 

4. 
4o 

11  49  =0 

0  10  4o 

8.36678 

-53f 

■1.63322 

8.3Q689 

"54o 

1.63311 

9.99988 

4?i= 

37217 

533 

62783 

37225 

533 

62771 

99988 

39 

4    4 

10  56 

37750 

526 

62250 

37762 

527 

62238 

95^8 

ll 

23 

48  56 

II  4 

38276 

520 

61724 

382B9 

520 

61711 

0001 3 

99987 

37 

h4 

25 

48  43 

38796 

5i4 

61204 

38809 

5,4 

6,;9i 

oooi3 

99987 

36 
35 

31  48  40 

8.39310 

5o8 

11.60690 

8.39323 

T^ 

11.60677 

10.OOO13 

9.99987 

56 

48  32 

398,8 

502 

60(82 

30832 

502 

60168 

00014 

99986 

34 

48  24 

M  36 

4o33o 

496 

596B0 

4o334 

496 

59666 

00014 

99986 

33 

48  16 

II  44 

40S16 

% 

59.84 

4o83o 

% 

D0014 

99986 

32 

59 

3o 

43  3 

U  52 

4i3o7 

58693 

4.32. 

0001 5 

5^85 

3. 
3i^ 

II  48  Q 

8. 4' 79= 

48o 

I..5820S 

8.4i307 

"487 

9.99985 

3i 

4*52 

474 

577=8 

42287 

475 

57713 

999S5 

:i 

3s 

47  44 

12  16 

42746 

470 

57254 

4276a 

470 

57238 

00016 

99984 

33 

47  3fi 

12  24 

43216 

464 

56734 

43a32 

464 

56768 

00016 

99984 

47  =8 

12  3i 

43680 

J^. 

56320 

43696 

460 

563o4 

00016 

W84 

26 
55 

II  47  »o 

0    12  4o 

8.44.39 

l55 

11.5586. 

■04156 

455" 

M.  55844 

10.00017 

9.99983 

36 

47  '= 

44594 

450 

55406 

446.1 

45o 

55389 

^99^3 

37 

47  4 

12  56 

45044 

445 

W^, 

4506, 

446 

95^3 

23 

38 

46  56 

i3  4 

45489 

441 

45507 

441 

i4o?^ 

00018 

99982 

39 
4o 

46  48 

l3  12 

45930 

436 

54070 

45948 

437 

00018 

99982 

Vl 

u  46  40 

0,3  2., 

8746366 

433 

11.53634 

8.46385 

432 

9,99982 

4i 

46  32 

46799 

427 

53aoi 

46817 

428 

53i83 

00019 

99981 

\t 

42 

46  24 

i3  36 

47226 

4j4 

51774 

47245 

424 

52755 

9998. 

43 

46  16 

i3  44 

47650 

4.9 
4.6 

5a35o 

47669 

420 

5233, 

Ei 

9998. 

45 

46  8 

i3  5a 

48069 

5.931 

48089 

416 

51911 

99980 

16 

75 

1146  0 

0  i4  0 

8.48485 

41. 

.1.5.5.5 

8.485o5 

4l2 

11.5.495 
5io83 

10.00020 

9,99980 

46 

45  52 

i4  8 

48896 

4o8 

5i.o4 

49^25 

408 

99979 

14 

4? 

4544 

i4  J6 

49304 

4o4 

50696 

4o4 

50675 

99979 

i3 

45  36 

i4  24 

49708 

400 

49729 

401 

■^ 

1 

45  28 

1432 

siniS 

J96_ 

49892 

52, 30 

397. 

49870 

00022 

T. 

II  45  20 

0  i4  4o 

8.5o5o4 

393I 

M. 49496 

8.5o5a7 

393 

9.99978 

5i 
5i 

45  12 
45  4 

I456 

its? 

t. 

Id 

SIS 

t. 

Z™ 

00O23 
O0023 

99977 

% 

53 

44  56 

i5  4 

51673 

382 

48327 

51696 

383 

483o4 

,00023 

99977 

54 
55 

44  48 

.5  12 

52o55 

379 

47945 

52079 

38o 

479=' 

00024 

99976 

6 

5 

II  44  4o 

o>5  2o 

8.52434 

376 

11.47566 

8.52459 

3,6 

11,47541 

9.99976 

56 

44  3a 

52B10 

373 

47190 

52835 

3,3 

47165 

0002^ 

99975 

4 

57 

44  24 

t5  36 

53.83 

369 

46817 

53208 

3,0 

46792 

D0O25 

09975 

3 

5fi 

M   16 

15  44 

53552 

367 

46448 

53578 

S 

46422 

00026I  9997^ 

59 

44  8 

i5  52 

53919 

363 

4608. 

53945 
54308 

46o55 

00026!  9997,^ 

66 
M 

M    0 

16  0 

54282 

36o 

457.8 

36i 

4569a 

D0026  99974 

M 

HoiirF.M 

HourA.M 

Cosine.  [Diff.l 

Secant, 

Coiangeu 

DiB-.l 

TangeDf. 

Cosecaut.|  .  Sine. 

H=,,a»,  Google 


TABLE 

XXVII. 

[PAge  ,S7 

■  Log.  Sin 

s,  Tangents,  and  Secants. 

2= 

177° 

m" 

HoiirA.M 

Hourr.H. 

8in«. 

Diff.l' 

CoaecanL 

T»ngen.. 

Diir.r 

Cotaiigen, 

Steaol.  1  Cosine. 

M 

69 

ti  44  o 

6.6  0 

8.54a8i 

36o 

■1.457.8 

8.54308 

36, 

11.45693 

io.oooa6,9,99974 

43  5a 

16  B 

5464a 

357 

45358 

54669 

358 

453!, 

00027   99973 

59 

43  44 

16  16 

im 

355 

45ooi 

55037 

355 

44973 

446,8 

99973 

58 

3 

43  36 

!6  a4 

35t 

44646 

55382 

35i 

00028 

9997a 

57 

"5 
6 

43  aB 

16  32 

55705 

Ji2_ 

44295 

55734 

349 

44366 

00038 

9997' 

56 
55 
54 

„   43  ao 

43  1  = 

0  16  40 
16  48 

B,5So54 
564O0 

346 
343 

"i^l 

8.56083 

56q29 

56773 

346 
344 

-X. 

000=9 

9.99971 
99971 

43    4 

16  56 

56743 

34 1 

43a57 

34, 

43227 

99970 

53 

4a  56 

17  4 

57084 

337 

41916 
4=579 

57114 

338 

4=886 

99970 

52 

_9 

42  48 

574ai 

336 

57452 

336 

4=548 

ooo3, 

5, 
55 

,.  4^  40 

8.5,757 

i3r 

ii.4aa43 

8.57788 

-33r 

11,4=2,2 

^'S 

4^  3^ 

17  aB 

5B089 

33o 

419,1 
4,58, 

58,  ai 

33o 

41879 

it 

4a  24 

17  36 

58419 

3a8 

58451 

3=8 

41 549 

99968 

i3 

4a  16 

!7  44 

5874? 

3i5 

4ia53 

58779 
59105 

3=6 

4i==; 

00033 

99967 

47 

r4 
i5 

4a  8 

F7  52 

59072 

323 

40928 

3a3 

40895 

99967 

46 
45 

[["4=  0 

8.59395 

-3^ 

„.4o6o5 

8.594a8 

"3^' 

, , .4o57a 

,0. 00033 

9.99967 

i6 

4t  52 

18 '8 

597T5 

3i8 

40385 

l^ 

319 
3,6 

.  4o=5, 

ooo34 

"^^^^fifi 

44 

4>  44 

iB  16 

6^33 

3i6 

l%] 

39932 

ooo34 

^^ 

43 

i8 

4i   36 

18  =4 

60349 

3i3 

6o384 

3,4 

39616 

ooo35 

99965 

42 

!-? 

4t  28 

18  32 

3,1 

39338 

60698 

3,1 

3p3o2 

ooo36 

9996^ 

'i 

n  4e  ao 

018  40 

8.60^73 

is^- 

„.30b27 

8. 61009 

3(0 

■■■SI 

9.99964 

4[  11 

6t28a 

3o7 

387,8 

613,9 

307 

00037 

99963 

^P 

4<  4 

18  56 

61589 

3o5 

61626 

3o5 

38374 

99963 

38 

i3 

40  56 

19  4 

6189; 

3o2 

38106 

6,931 

3o3 

38069 
37766 

ooo38 

99963 

?] 

24 

j5 

40  43 

.912 

62,9a 

3o, 

37804 

62334 

3oi 

ooo33 

9^3 

36 
35 

11  40  40 

0  19  20 

8.6,4?7 

-^ 

ii.375o3 

8, 6a 535 

399 

ii.  37465 

9.9996, 

36 

40  3a 

19=8 

6a795 

396 

37io5 

6a834 

397 

37,66 

9996, 

34 

27 

■  40  i4 

1936 

63091 
63385 

3^ 

is? 

63i3i 

395 

36869 

ooo4o 

99960 

33 

sB 

4o  16 

.944 

aP 

634:16 

291 

36574 

99960 

=9 
3S 

1952 

63678 

■"}o 

36322 

637.8 

291 

3638a 

0004, 

99959 

3i 

35 

II  40  0 

8.63068 

i,.36o32 

8.64009 

289 

11.3599. 

10.0004, 

9.99959 

3i 

395a 

ao  S 

64a56 

287 

35744 

6429S 

287 

35702 

00043 

99956 

g 

35 

3944 

20  16 

64543 

384 

35457 

645S5 

aS5 

354,5 

00043 

99958 

33 

3^36 

ao  24 

a83 

35173 

64870 

=84 

35(3o 

00043 

99957 

37 

34 
35 

39  28 

ao  3a 

65no 

281 

348^ 

65,54 

38, 

34846 

00044 

^^56 

26 
i5 

II  39  20 

02040 

8.6539] 

279 

11.34S09 

8.65435 

380" 

,1.34565 

10.00044 

9.99956 

36 

39  12 

20  48 

65670 

377 

34330 

65715 

378 

342B5 

ood45 

99955 

24 

3? 

3;  4 

2b  56 

65947 

376 

34o53 

65993 

276 

34007 

00045 

99955 

23 

38 

38  56 

ai  4 

66233 

374 

33777 

66269 

274 

3373, 

00046 

99954 

39 

38  48 

66497 

335o3 

66543 

.^ 

33457 

00046 

99954 

^ 

,1  3M 

S  66769 

11.3333, 

8.66816 

11.33,84 

10 .00047 

9.99953 

4i 

3b  32 

3X2 

67087 

lU 

32^4 

ooo48 

9995a 

'2 

4i 

ofl  a4 

21  36 

6?3oi 

367 

67356 

00048 

99952 

,8 

43 

38  ID 

at  u4 

67575 

a66 

324?5 

67634 

366 

32376 

00049 

99951 

44 
45 

38  & 

ai  5a 

67841 

a63 

^"59 

67890 

364 

331, 0 

9»'.i 

16 
,5 

II  38  0 

8  68104 

"a63 

11.3(896 
3i633 

8.68,54 

"Br 

ii.3i846 

io.ooo5o 

9.99950 

46 

37  52 

22  8 

68367 

260 

684,7 

26, 

3,583 

99949 

i4 

47 

37^4 

aa  ]6 

68637 

fi 

3i373 

68678 

360 

3,333 

99949 

,3 

^7  36 

68886 

3III4 

68988 

358 

3,063 

99948 

49 
5o 

37  a8 

aa  3j 

69144 

356 

3o856 

_^^ 

357 

3o8o4 

ooo52 

99948 

)z 

II  37  ao 

0  11  4o 

8  69400 

-iST 

<■  .3o6ob 

8.69453 

"^55" 

ii.3o547 

I0.00053 

9.99947 

5i 

37  12 

22  48 

69654 

253 

3o346 

6970B 

254 

3029a 

ooo5i 

99946 

9 

55 

37  J 

22  56 

69907 

252 

30093 

69963 

253 

3oo38 

ooo5< 

?W46 

8 

53 

3b  56 

a3  4 

7Si59 

35o 

2984. 

7021. 

a5l 

39786 

ooo55 

99945 

54 
55 

3b  48 

23  ia 

70401 

349 

=959. 

7o465 

'49 

29535 

opo56 

99944 

6 

"5 

M  36  40 

023  20 

8  7065I 

147 

11.39343 

B.70714 

248 

,1.29286 

10. 00056 

9-9994' 

56 

57 

36  32 

3b  24 

a3  38 
a3  3b 

70905 

246 
344 

l^. 

70963 
71208 

246 

a45 

30038 
3879= 

00057 
00058 

99943 
99942 

4 
3 

58 

nfi  ,e 

a3  44 

;;l 

343 

aB6o5 

7i453 

=44 

=8547 

ooo58 

99942 

5? 

23  52 

243 

38363 

71697 

=43 

i83o3 

00059 

99941 

6o 
M 

3b  0 

24  0 

71880 

240 

381=0 

7,940 

241 

28060 

00060 

99940 

i 

Honrp.ji 

Hiiiir  ,.M 

'Ccslm:. 

Diff.l 

Recant. 

Colangen 

Diff.l 

Tgiigeiit. 

Cosecanl 

Sine. 

..Google 


p. 

filSS] 

TABLE   XXVII. 

I^g.  Sines,  Tangents,  and  Secants. 

3' 
M 

ITIP 

HwriT 

Hourp-M. 

Sine. 

Diff.l' 

CoaeeanL 

Tangent. 

Diff.l' 

Coiaugent 

Secant. 

Coaine. 

.11 
3^ 

11  36    0 

8.71880 

240 

8.71940 

24  f 

11.38060 

9.99940 

35  55 

l^ 

27880 

239 

27819 

99940 

35  44 

34  16 

72359 

27641 

239 

37580 

OOD61 

99939 
99936 

3 

35  36 

24  24 

iiV4 

237 

27403 

?28^ 

237 

3734, 

00063 

4 
5 

35  28 

24  32 

335 

37166 

336 

27,04 

99938 

56 
55 

u  35  JO 

024  40 

8.73069 

334 

"IS 

8.73,33 

334 

11.2686S 

,o.ooo63 

9.99937 

6 

35  IS 

24  48 

733o5 

333 

234 

26634 

D0064 

99936 

54 

35    4 

24  56 

73535 

332 

232 

26400 

ooo6i 

99936 

53 

34  56 

25    4 

73767 

230 

36333 

73832 

33l 

26,66 

O0O65 

99935 

9 

34  48 

35    13 

73997 

229 

26003 

74o63 

229 

25937 

00066 

99934 

5i 
5o 

,.  34  do 

0    25    3U 

8.74326 

338 

M.  25774 

8.74392 

229 

,1.25708 

10.00Q66 

?■  99934 

343= 

=5  38 

74454 

336 

25546 

7452, 

337 

25479 

99933 

s 

34  34 

25  36 

74680 

326 

25320 

74748 

226 

25252 

00068 

99932 

i3 

3a  16 

25  «4 

74906 

124 

35094 

74974 

225 

25036 

00068 

99933 

47 

■  4 
i5 

34     8 

35    52 

75i3o 

233 

34870 

75,99 

234 

2480, 

9993, 

46 
45 

L!   j4 

0  j6    0 

a. 75353 

11.24647 

8.75423 

!,. 24577 

9.99930 

i6 

33  52 

75575 

24425 

75645 

24355 

99939 

44 

33  4<l 

36  16 

75795 

34205 

75867 

34,33 

99929 
99928 

43 

33  36 

2624 

76or5 

319 

23985 

76087 

2,9 

33913 

,     D0073 

43 

11 

33  aS 

26  3- 

76234 

23766 

763o6 

219 

OD073 

99927 

4, 

.1  33  so 

0  26  4 

B. 76451 

■JTF 

-."S? 

8-76525 

217 

■1.23475 

,0.0007; 

9.99926 

33   12 

76667 

216 

76743 

3,6 

23258 

0007; 

99926 

33    4 

26  5b 

76883 

ai4 

33(,7 

?^58 

3l5 

23043 

99935 

=3 

3i  56 

=7    4 

77097 

2l3 

32903 

77,73 

3,4 

22837 

99924 

37 

24 

i5 

32  48 

773  JO 

23690 

77387 

3,3 

22613 

00077 

99923 

36 
35 

i>  32  4^ 

0  27  20 

8.7752. 

11.33478 

8.77600 

1,.  32400 

10.00077 

9.99923 

s6 

32  3= 

2728 

77733 

33367 

77811 

"'^ 

99923 

34 

57 

31  s4 

27  36 

77943 

a 

22057 

78022 

00079 

99931 

33 

=8 

=744 

78j5= 

78233 

^^ 

2,768 

00080 

99920 

32 

1! 

32     8 

27  52 

78360 

308 

2t64o 

78441 

2,559 

00080 

99930 

3, 

1.  3i    0 

0  j6    0 

aT^^eses 

"i^ 

11.3,433 

'■l^i 

'^ 

,,.3,35, 

9.999,0 

3i 

3i  53 

28    a 

78774 

205 

21226 

306 

21145 

00082 

999,8 

It 

3) 

3i  4a 

78970 

204 

79061 

305 

20939 

ooo83 

999'7 

33 

3,  36 

28  24 

79>8S 

203 

20817 

75^66 

204 

20734 

00083 

999' 7 

34 
35 

3i  28 

j8  3) 

20614 

79470 

303 

2o53o 

00084 

999,6 

26 

25 

,  3,  20 

0.8  4 

8.79588 

'loT 

IE. 204, 2 

8.79673 

203 

,1.30327 

10.O0D85 

9.999,5 

36 

3<    ,i 

2843 

79789 

79875 

30I35 

000B6 

999M 

37 

3i    4 

38  56 

199 

80076 

19934 

00087 

99913 

33 

38 

3o  56 

'99 

198,. 

80377 

.li 

,9733 

00087 

999,3 

39 

4o 

3(1  48 

29  12 

8o38H 

'97 

19613 

80476 

19524 

00088 

999,2 

li 

11  30  4" 

0  29  10 

8.80585 

'97 

M.,9415 

8.80674 

198 

i,.,9336 

10.00089 

9.999,1 

4i 

3o32 

19  28 

80783 

196 

19218 

80872 

,96 

'!4 

00090 

99910 

i 

3os4 

293 

80978 

.95 

1BB27 

81068 

,96 

0009, 

99909 

43 

3<    lO 

2944 

81173 

194 

81364 

,95 

18736 

^ 

44 
45 

3o    8 

29  53 

i?3_ 

,8633 

8,459 

194 

i854i 

16 

^5 

I,  3o    0 

o3t    0 

192 

11.18440 

8, 81 653 

193 

,,.18347 

10.00093 

9.99907 

46 

3o    8 

'81752 

J  92 

18348 

8,846 

193 

18,54 

0009; 

99906 

,4 

47 

J?  4-1 

3o  16 

8J944 

190 

i8o56 

83o3B 

193 

17963 

99905 

,3 

4e 

2936 

3o    2 

82T34 

190 

17866 

83230 

190 

17770 

99904 

49 
5~ 

2^=8 

3o  32 

82334 

,89 

.7676 

82420 

190 

,7580 

9990i 

T^ 

0  3oV 

8.835,3 

leg 

,,.17487 

8.82610 

189 

M.,7390 

10.00097 

9.99903 

Si 

jg  iJ 

3o«a 

82701 

17299 

83^ 

188 

1730, 

00098 

99902 

5^ 

29    - 

3->  50 

fS7 

17013 

00099 

9990, 

53 

=8  56 

3i     4 

83o75 

186 

16925 

186 

16835 

99900 

7 

54 
55 

28  48 

3i  12 

83361 

i85 

16739 

186 

,6639 

99899 

6 
5 

u  28  4o 

878344? 

"i84 

!r.i6554 

8.83547 

,85 

,,,.6453 

9.99898 

56 

8363c 

i83 

16370 

83733 

184 

■  6268 

99898 

4 

5? 

28    2. 

3i  3r 

838.3 

1 83 

,6187 

83916 

i84 

16084 

00,  o3 

99897 

3 

58 

3i  .i4 

83996 

tBe 

16004 

84,00 

182 

,5900 

00104 

99895 

59 

28  1 

3i  52 

84177 

15833 

84383 

,83 

167,8 

ooio5 

99895 

60 
M 

3a    0 

84358 

18: 

DiFi 

15642 
Seeaiil, 

84464 

l83 

,5536 

ODT06 

„8,4 

M 

HnurpM 

H"     viL 

Cosine. 

Colange,, 

Dlfl'.l 

Timgeiit. 

Cosecant 

Sine. 

,,Google 


TABLE  XXVII. 

[Pas^  183 

Log.  Si, 

es,  Tangents,  and  Secnnts. 

4" 

175" 

M 

H0UtA.H 

Hoarp.M 

Sine. 

Wff.f 

Cosecant. 

Tangenl. 

Diff.l 

Dotangent 

Sectmt. 

Cosine. 

60 

M  2S   0 

o32  0 

8.84358 

181 

11.15642 

8.84464 

11.15536 

10.00106 

9.99894 

87  53 

32  8 

84539 
847  ifi 

■79 

i546i 

84646 

180 

15354 

00107 

'99893 

ll 

37  44 

32  16 

;?i 

15283 

84836 

180 

i5i74 

99893 

3 

27  36 

33  34 

84897 

i5io3 

85oo6 

j? 

14994 

00109 

99S9, 

57 

4 
"5 

32  3, 

85(75 

149=5 

85,85 

148,5 

00109 

99891 

56 
55 

H  J7  20 

0  32  4o 

8  85i52 

■77 

n.  14748 

8.85363 

177 

11.14637 

lo.ooiiol  9.99800 

001,  T]    99889 
00,13     9988^ 

6 

3)  48 

85439 

175 

14571 

85540 

177 

14460 

54 

7 

11 '4 

3a  56 

856o5 

175 

.4395 

857,7 

.76 

14383 

53 

i 

56  56 

33  4 

8578^ 

17S 

14220 

853^, 

176 

,4,07 

00,,  31    99887 

52 

_9 

26  4B 

33  ,3 

85955 

■73 

14045 

8606;, 

174 

1393, 

001 14 

99886 

5, 
5o 

i(  jd  4t) 

0  33  20 

a  eoiaB 

173 

11. 13873 

8.8634, 

174 

i,.,3757 

,o.ooii5 

9.99885 

26  31 

33  28 

803o 

.73 

IS 

864,7 

174 

,3583 

00116 

'9^884 

$ 

36  24 

33  36 

86474 

171 

865? 
8676 

,3409 

001  !■ 

9988; 

i3 

26  f( 

33  44 

86645 

171 

i3355 

,3237 

47 

[4 
l5 

33  52 

86816 

13,84 

86935 

171 

.3065 

00,19 

9988" 

45 

0  34  Q 

8  86987 

-lij- 

ii.i3oi3 

8.B7106 

11.13894 

9.99880 

.6 

25  5j 

54  8 

B7156 

,69 

13844 

87277 

12733 

9^79 

44 

25  44 

34  r6 

87335 

169 

12675 

87447 

169 

13553 

» 

43 

iS 

35  36 

34  24 

87494 
8766 

16? 

12506 

87616 

s 

12384 

43 

'J. 

25  38 

34  32 

(68 

13339 

87785 

122,5 

00,23 

99857 

4, 
4o 

[I  35  20 

0  34  40 

8.87B39 

"766" 

8.87953 

167 

!1.,3047 

io.00134 

9.99B76 

25  13 

34  48 

isi 

166 

13O05 

88120 

167 

J 1880 

001 35 

99!7i 

i 

25  4 

34  56 

]65 

11839 

166 

11713 

00,36 

99874 

53 

34  56 

35  4 

88336 

164 

1.67^ 

88453 

i65 

11547 

99873 

37 

=4 
I5 

24  48 

35  1  = 

88490 

164 

ii5io 

88618 

165 

11382 

001  28 

»7. 

36 
35 

u  24  4o 

0  35  20 

8.88654 

"JeT 

u.  1,346 

8.88783 

165' 

II, ,,2,7 

10.00129 

9-9987' 

24  33 

35  38 

i63 

i,i83 

88948 

i63 

11052 

00, 3o 

34 

24  34 

35  36 

88980 

162 

8911, 

i63 

;:3 

00,3, 

33 

24  r6 

35  44 

89r42 

162 

I0858 

89374 

i63 

32 

'9 
3o 

24  8 

35  53 

89304 

160 

10696 

89437 

i&i 

I0563 

00,33 

99867 

3i 

3^ 

£.  24  0 

o36  0 

8.89464 

'Tsr 

11.10536 

8.89598 

,62 

10.00,34 

9.9,866 

3i 

33  52 

36  8 

89635 

159 

10375 

89760 

160 

10240 

ooi35 

9,865 

2g 

3] 

a3  44 

36  16 

89784 

159 

103,6 

89920 

160 

lOOSo 

ooi36 

Si64 

33 

23  3t 

36  34 

89943 

;§ 

90080 

160 

09920 

00137 

5?863 

37 

34 
35 

36  32 

90  [02 

09898 

90240 

.59 

09760 

ooi38 

9,86. 

36 
25 

i(  23  20 

o36  4o 

8.90360 

.57 

11.09740 

'tit^ 

i58 

10.00139 

9.9,86. 

36 

23  13 

36  48 

^17 

l57 

09583 

i58 

09443 

.  00140 

9,86, 

24 

37 

=3  4 

36  56 

90574 

i56 

09426 

90715 

,57 

09285 

ooi4i 

998S9 

33 

38 

22  56 

37  4 

90730 

i55 

09270 

90873 

,57 

09128 
0697, 

D0.42 

SS58 

1 

22  48 

37  13 

i55 

09115 

9'°'^ 

,56 

00143 

««57 

^ 

i(  22  40 

037  30 

8.9[o4o 

"755" 

11.08960 
o88o5 

8.9<.85 

755" 

ii.o88t5 

10.00144 

,.,j«56 

4r 

32  32 

37  38 

91195 

i54 

91340 

,55 

08660 

00145 

»8S5 

;i 

43 

37  36 

9<3h 

.53 

0865 1 

9i4g5 

,55 

o85o5 

00,46 

g854 

43 

37  44 

91602 

1 53 

0849B 

916L 

i53 

o835o 

,00147 

W853 

17 

44 
45 

^2  8 

37  52 

91655 

i5= 

08345 

91803 

i54 

08,97 

00148 

„85. 

,6 

0  3a  0 

8.91807 

1 52 

11.08193 

8.91957 

i53" 

11.08043 

10.00149 

,.,,85, 

46 

"  2^  52 

38  8 

91959 

i5i 

06041 

92110 

l52 

ss 

001 5c 

,,850 

i4 

47 

21  44 

38  16 

931  to 

i5i 

s??; 

93362 

l53 

O0153 

99848 

,3 

21  36 

38  24 

93161 

,5o 

934,4 

i5i 

07586 

00153 

99847 

49 

38  32 

92411 

i5o 

0,58, 

92565 

i5i 

07435 

O0154 

99846 

— 

T38  40 

8.92561 

149 

[I. 07439 

8.92716 

"ISo"- 

11.07384 

10.00155 

,.„845 

5i 

38  48 

92710 

S 

07290 

92866 

i5o 

001 56 

5,844 

9 

5= 

2r  4 

38  56 

92859 

93016 

nt 

00157 

99843 

8 

53 

20  56 

39  4 

93007 

147 

mI'I 

9316S 

0O158 

9984. 

55 

20  4S 

39.2 

931 54 

,47 

933i3 

j^ 

06687 

00159 

99841 

6 

5 

[l  30  40 

03920 

8.9330. 

147' 

-s 

8.93462 

147 

11.06538 

10.00160 

9.99840 

56 

30  32 

3928 

93448 

93609 
93756 

■47 

06391 

00161 

fA 

4 

57 

20  24 

39  36 

93594 

■46 

06406 

,47 

06344 

00162 

3 

5S 

20  16 

39  44 

93740 

i45 

06260 

93903 

i46 

001 63 

W83, 

59 

20  8 

3952 

93885 

i45 

o6ii5 

94049 
94195 

i46 

X 

00164 

,,836 

6a 
M 

40  0 

94o3o 

144 

05970 

145 

OOJ66 

_J!>!if 

M 

— 

ImirA.BI. 

Cn'ilhe. 

tmi 

Swam. 

CotEingeni 

Diff.l' 

Tangtnl. 

Oosectint. 

Sine. 

p 

s''""]                                         TABLE   XXVII. 

s 

Log.  Sines,  Taugcnts,  acd  Secants. 

Gi 

5 

A                    A                B                    B 

C                   C     174' 

Hour  A, M 

Hour  p. M 

Sine. 

Diir 

Cosecani 

Tans^nt. 

Ulff 

Cowngen 

Secput. 

Diff 

Cosine. 

M 
fio 

0  4o     0 

8.94(i3o 

1 1 .o5o70 

a. 94. 95 

„.058o5 

19  5; 

40   e 

9417. 

94341 

WH3: 

s 

. 

402^ 

94461 

o553. 

94631 

<.537< 

00161 

57 

19  s8 

40  32 

946q3 
8.94746 

--? 

05397 

94773 

y 

05227 

00370 

0 

99830 

56 

55 

0  4o  40 

»  .o5a5< 

'■^:g 

1 

04941 

OO,?: 

19    4 
iS  56 

0497' 
o483o 

4i     4 

I) 

o465( 

0017: 

52 

_9 

18  48 

41  la 

9b3,o 

20 

04690 

au 

045,. 

00,76 

0 

5r 

ii   18  4o 

8.95450 

11.04550 

8.95627 

.1.0437: 

9.99823 

9575! 

3, 

D44n 

9576' 

2/ 

0423; 

0017! 

99B22 

4q 

4i  3f 

at 

9590; 

27 

oil 

00171 

1.- 

4i  4' 

9586- 

2. 

o4i3: 

21 

00, 3< 

47 

T^ 

18  a 

41   52 

9600! 

03995 

V 

99819 

46 

<5 

u    ,8     0 

R..V^,4 

A; 

8.96325 

1  J. 03675 

1D.0018: 

lis 

96281 

.V 

o353( 

0018. 

M 

174^ 

0417 

3- 

o358; 

96601 

oo,85 

9^8,5 

^^ 

17  36 

4a  2; 

9655; 

3, 

9673, 

4< 

09H,4 

4-) 

19 

17  28 

42  32 

96689 

42 

96877 

42 

998,3 

4, 
40 

0  4W" 

a. 96825 

A' 

I,.o3i75 

8.970,, 

4' 

"osls^ 

9.99812 

o3o4( 

971 5c 

'i 

17    ' 

4i  56 

9709: 

0290; 

9728: 

4< 

99805 

r- 

16  5( 

ss 

16  48 

43  12 

02637 

00,93 

99807 

35 

„   ,5  40 

.  43  .. 

t I. 02309 

1(1 

16  3i 

0237. 

02. 7^ 

oo,9f 

16  3, 

43  36 

be 

oao4i 

99803 

16  i( 

0,908 

c«,9i 

99802 

39 

■in 

43  5a 

0.974 

01775 

00,99 

9980, 

lo 

44    8 

9849t 

<K 

S 

9841; 

,i:- 

i5  36 

4424 

7: 

oi45i 

9B75; 

0,247 

35 

.5  a8 

4432 

7t. 

Ol321 

9888, 

0.1 16 

0020  5 

~ 

99795 

ao 

^5 

11  i5  20 

0  44  40 

3.9880* 

77 

ii.oiioa 
o,dl3 

77 

,0.00207 

O02Ot 

d: 

i5    4 

44  56 

00934 

9927^ 

82 

00725 

ooao; 

23 

i4  51= 

00806 

ss 

J9 

40 

14  48 

45  12 

99322 

9953. 

V. 

u  i4  4o 

n45..> 

1.99450 

8: 

ii.oo55o 

8.99662 

89 

I.D0338 

,0.002,; 

41 

i4  3; 

45  28 

9 

O0423 

99791 

<)l 

ooao9 

00a,/ 

\l 

i4  2; 

45  36 

997"' 

W 

00296 

9991; 

9, 

00081 

14  Ii 

45  44 

DO  170 

9.ooo4f 

-SA 

99783 

n 

45 

14    8 

45  52 

00044 

0017; 

-J2 

9978a 

.5 

n  i4    0 

0  46    0 

9.00082 

90 

,0.999(8 

9.oo3oi 

"■& 

,o.ooai9 

O02O'; 

a 

0042- 

,4 

46  16 

,0^ 

99447 

4t 

i3  36 

46  24 

00456 

,o^ 

99544 

00679 
oo3o5 

,nf 

0022c 

49 
5o 

(3  a8 

46  32 

iio53i 

107 

99419 

108 

99.95 

oba2i 

99776 

— 

0  46  40 

9.0070.^ 

"'X45 

46  48 

o,o5: 

t 

53 

12  56 

47    4 

01074 

ir6 

vs 

986^ 

ooa2o 

99772 

55 

T2  48 

47  12 

0,196 

iiB 

98804 

J'i! 

99769 

6 
5 

M  ,2  40 

n.0,3,8 

0,98450 

47  a8 

T2. 

98827 

4 

0,796 

002  3! 

t,9^bi 

0180; 

02  o4c 

t3i 

M 

48     0 

o,9a3  ,32 

9iio77 

02,62 

97838 

00239 

Bii 

99761 

Hour  P.M, 

iourA.M. 

CosiDfi.  'Diff. 

Colangeiil 

Diir. 

Tangent. 

Cosecant. 

Sine. 

IT 

1' 

2= 

3* 

4. 

5" 

C' 

7. 

Prop,  pnrtsof  00I9, 

(c 

,6 
17 

33 
33 

49 
5o 

66 
66 

83 

99 

,i5 
,16 

..Google 


TABLE   XXVII. 

lTnS<-  '91 

■*'■                                   Log.  Sines,  Tangents,  a 

id  Secaiils. 

*       ^'' 

C»                                         .A 

A             B 

B 

C                 C   173° 

M  IIourA.n 

IIourp.M 

,Siw. 

Diir. 

Cosecant. 

Tfijigeiil. 

Kff 

Colangent 

Secant. 

Diff. 

Cosine. 

M 
60 

043     0 

9.0.^5 

10.98077 

9.02,62 

0 

10.97838 

.0.00239 

9.99761 

I          II   5a 

48     8 

02,4 

V.'S'-, 

02283 

97717 

00240 

99760 

59 

a        11  44 

48  .6 

or, 63 

4 

02404 

' 

97596 

00241 

99759 

58 

3         11  36 

48  24 

01283 

6 

97717 

oa525 

6 

97475 

00243 

99757 

57 

4             1'     28 

43  32 

0240a 

7 

5^598 

02645 

8 

^355 

00244 

0 

99756 

56 
55 

5    11     !I     20 

0  48  40 

9 

10.97430 

9.02766 

9 

,0.97234 

10.00245 

9.99755 

4^43 

02639 

97361 

oa885 

00247 

99753 

54 

7        ii     4 

48  56 

02757 

J; 

97243 

o3oo5 

,; 

& 

00248 

99752 

53 

a        10  5( 

49    4 

02874 

i5 

97126 

o3,24 

,5 

00249 

99751 

5a 

49   .2 

02992 

97008 

03342 

96758 

O025, 

99749 

5, 
5S 

10  [1  10  4o 

049  20 

9.03109 

"19 

10.96891 

9.0336, 

~^ 

,0.96639 

,0.0O252 

9.99748 

11             lO    32 

4928 

03226 

96774 

03479 

9652, 

Doa53 

99747 

it 

49  36 

,d3342 

96658 

03597 

a; 

96403 

00255 

99745 

i3        10  i6 

4944 

03453 

ai 

96542 

037,4 

24 

9628S 

00256 

99744 

47 

i4        lo    8 

4952 

o3574 

36 

96426 

o3832 

26 

^,68 

0O258 

0 

99742 

46 
45 

I5    M    lO     o 

0  5o.    0 

9.03690 

"^ 

10.96310 

9.03948 

~^ 

,0.96052 

■0.00259 

9.99741 

i6          9  5s 

5o    8 

o3Bo5 

3cJ 

^ 

o4o65 

3o 

IS 

99740 

44 

.7          9  44 

5o  16 

03920 

3i 

o4,8. 

32 

0026; 

99733 

43 

,8          9  3Q 

5o  24 

o4o34 

33 

$S 

04297 

34 

00263 

99737 

42 

19          9  28 

5o  32 

o4i49 

35 

044 13 

36 

955B7 

DO  2  64 

W736 

4i 
4o 

2o   n     9  20 

0  5o  40 

9,04262 

~7 

,o.,;5,38 

9.o45a8 

"^ 

10,95472 

10.00266 

9.99734 

5o  48 

04376 

39 

9SM 

o4643 

39 

95357 

00267 

99733 

39 

9    4 

5o  56 

04490 

4< 

955,0 

04758 

4. 

95242 

00269 

99731 

38 

53          8  56 

5r     4 

o46o3 

43 

& 

04873 

43 

95,27 

' 

99730 

?^ 

24          8  43 

5r   12 

0471 5 

44 

04987 

45 

950,3 

99728 

36 
35 

25  11     8  4o 

o5i  20 

9.04828 

76 

,o.,5,„ 

9.o5io. 

47 

'"■» 

9.99727 

26          S  3? 

04940 

48 

95060 

D52r4 

49 

99726 

l^ 

27               3    24 

5i  36 

o5o52 

5o 

lis 

05328 

5; 

94672 

00276 

99724 

33 

28          8  i6 

5.  44 

05.64 

52 

o544. 

53 

94559 

9972,3 

32 

29          8.  8 

5i  52 

05275 

54 

94725 

05553 

54 

94447 

00279 

9972, 

3, 

3n  u     80 

0  52      t> 

9.05386 

"56 

10. 946 [4 

9.05666 

"56 

,0.94334 

9.99720 

3i> 

3,            7  52 

"^  05497 

57 

945o3 

05778 

58 

^222 

99718 

20 

32          7  44 

o56o7 

59 

i'S 

05890 

60 

94,, 0 

997,7 

28 

33          7  36 

52  24 

o57T7 

6. 

62 

997,6 

34          7  28 

52    32 

05827 

63 

k.73 

o6ii3 

64 

99714 

a6 

25 

35  1.     7  20 

0  52  40 

9.05937 

^ 

io.srfo63 

-m 

,0.93776 

9.997,3 

36          7  " 

52  48 

06646 

67 

§& 

06335 

68 

93665 

00289 

99711 

24 

37          7    ^ 

52  56 

06155 

69 

06445 

69 

93555 

00290 

997,0 

23 

38          6  56 

53    4 

06264 

70 

93736 

06556 

93444 

99708 

39          6  48 

53  12 

06372 

72 

93628 

06666 

73 

93334 

99707 

20 

0  53  20 

9.0648  J 

74 

10.935,9 

9.06775 

,0.93225 

9.99705 

41          6  32 

53  28 

:£S 

76 

9341T 

06885 

93„5 

002^ 

99704 

]t 

42          6  24 

53  36 

78 

93304 

06994 

79 

o3oo6 

99702 

43          6  16 

53  44 

06864 

80 

« 

07103 

Si 

92807 
927^9 

00299 

9970, 

44          6    8 

53  5a 

069T, 

81 

072,1 

83 

99699 

16 
,1 

45..     60 

0  54    0 

9.070.8 

"83 

92876 

-34 

io.92'i8o 

9.99698 

46          5  52 

54    8 

07124 

85 

07428 

86 

92572 

oo3o; 

95696 

i4 

47          5  44 

54  16 

87 

& 

07536 

92464 

oo3o5 

95695 

,3 

48          5  36 

5424 

^337 

89 

07643 

90 

92357 

oo3o7 

99693 

49          5  28 

54  3a 

07442 

9' 

92558 

0775, 

92 

92249 

oo3o8 

9^92 

T^ 

Sou     5'c 

0  54  40 

907548 

93 

io.9a452 

9.07358 

94 

10.92,42 

,o.oo3io 

%« 

5i          5  i^ 

54  48 

07653 

94 

92347 

07964 

96 

92036 

oo3i, 

t 

52          5    4 

54  56 

07758 

96 

92242 

0807, 

98 

i;k 

oo3,3 

996B7 

53          4  56 

55    4 

07863 

98 

92137 

08,77 

99 

oo3i/ 

99686 

7 

54          A  ^3 

55  ij 

_07968 

08283 

917,7 

oo3i6 

99684 

"5 

55  „     4  )o 

055  20 

9  0807a 

10.91928 

9.08389 

7^ 

,0.916,1 

,o.oo3i7 

9-99683 

56          4  32 

55  93 

0S176 

10^ 

9.S24 

03495 

!05 

9i5o5 

oo3,9 

'9968, 

4 

57          4  24 

55  36 

08280 

106 

91720 

08600 

9,400 

Do3ao 

99680 

3 

58          4  .6 

55  44 

o8383 

08705 

101 

9.295 

99678 

59          t    »> 

55  52 

0B486 

109 

9>5i4 

^Ycft 

oo3a3 

99677 

60         40 

'C     ( 

085B9 

9'4i. 

08914 

lU 

00325 

99675 

M 

M   Houn  .. 

Hour  A  n 

(  oaiiie. 

Diff 

Secanl. 

Cotangen 

Diff 

Tangenl. 

Cosecant 

Diir 

SillG 

sep 

A 

A 

B 

B 

C 

c 

83" 

Seconda  of  ^me .. 

!• 

9" 

3'     4=      5' 

6' 

7. 

Prof.fartBofcQU.)  B 

(c 

i4 
i4 

28 

/.2.      56      69 
42      56      70 

83 
84 

97 
98 

oogle 


1 

Sc)fi9] 

TABLE   XXVll. 

Log,  Sines,  Tangents,  and  Secants. 

G'. 

A 

B 

B 

M 

rT=urA.«. 

Hourp.M. 

Sine. 

Diff. 

Cosecant. 

ITangent. 

Kff. 

SecaiiL 

Diff 

Cosine. 

fio 

II     4    o 

o  56     o 

9.08589 

10.914.1 

9.0891^ 

10.91086 

9.99675 

7"lt 

^877 

09672 

4 
1. 

3  =8 

56  3= 

0899* 

6 

91001 

7 

90670 

oo33i 

0 

<W669 

56 
55 

0  56  40 

9.0910J 

'"'itU 

.0.90566 

io.oo33; 

0953, 

00666 

90664 

_? 

57  la 

09506 

i4 

90494 

09S4; 

90155 

99661 

5i 

5o 

11     2  4o 

O57=0 

lb 

,0.90053 

.o.oo34i 

0 

'i%t 

89850 

I    34 

57  36 

0980- 

1,-i 

57  44 

89994 

ioa5: 

89748 

47 

14 

57  52 

lOOOf 

io353 

24 

8,647 

45 

9.ioiof 

24 

10.89894 

9.io45.i 

10.89546 

10.Q0349 

9.99651 

tf- 

I    53 

58    8 

■.(i 

io55( 

89445 

44 

58  i6 

io3(i. 

8^^ 

io656 

89344 

99648 

58  24 

10402 

89596 

J  0756 

69244 

00647 

45 

i? 

io5oi 

894=« 

3oB56 

89144 

99645 

41 
40 

11     I  ao 

o  58  4o 

35 

10.89401 

Ai 

?. 99643 

58  4S 

:m 

8930; 

it 

1     ^ 

.15 

i.i55 

99640 

,-r 

o  a 

55    A 

1089: 

37 

1125' 

37 

B8746 

99638 

37 

24 

7-; 

5912 

10990 

3B 

11353 

39 

W637 

35 

11     o  4o 

41 

iQ. 88548 

9.99635 

11 

59    2f 

1118, 

•12 

ogbJJ 

O    2. 

59  36 

iiaSi 

43 

88719 
88623 

44 

996Ja 

j[ 

59  4a 

4'' 

1T74? 

99bJc 

S9 

595= 

1147' 

46 

,1845 

47 

99629 

30 

o.rr^.n 

4H 

.0.88430 

9.1194; 

40 

9.996'? 

ftn 

88334 

£ 

a^ 

,1= 

0  je 

1 176] 

5t 

h:- 

0  =4 

1.857 

M 

BBi43 

iaj35 

54 

87765 

27 

3d 

59  .b 

0  3s 

M9is 

54 

88n48 

.2332 

55 

87668 

oo38o 

99Gao 

25 

-X 

9.i24a( 

9.9961E 

:m 

\H 

,25a5 

87475 

oo38: 

9961: 

24 

.17 

58  56 

0  5S 

1223( 

■"1 

87764 

1262, 

87379 
B7283 

1    4 

ia33i 

62 

J9 

4" 

58  48 

I24a5 

62 

87575 

64 

87187 

00388 

996,= 

20 

10  58  40 

10.87091 

10.00390 

4i 

i  28 

86996 

906<,t 

'.t 

4; 

,270f 

ivT 

,309. 

B6806 

1  4i 

13,0: 

17 

44 
4^ 

53    6 

I    52 

,289a 

70 

87108 

,3289 

7' 

86711 

00397 

99fc3 

,5 

9.. 338' 

10.86616 

.0.00399 

a    8 

74 

4-; 

57  4' 

2  16 

,357: 

86427 

9959E 

i3a6; 

86737 

,3667 

86333 

oo4oi 

49 

2   32 

13355 

78 

86645 

1 3761 

oo4d5 

^ 

99595 

m 

lo  5t  ao 

1     2  40 

9.13447 

9., 385. 

K, 

10.86,46 

Si 

57  !■ 

a  48 

8646) 

im 

83 

86o5a 

oo4oi 

? 

S'i 

SH 

8637c 

85 

004.1 

H*i 

8627a 

004 1; 

■>)58E 

5S 

3  12 

8? 

86.87 

,4227 

85773 

oo4i4 

99586 

5 

10  56  4o 

1      3   20 

9.,43a. 

.O.85680 

10.004.6 

9.995B'; 

111- 

56  3: 

86oo(: 

85588 

004.  f 

4 

56  2, 

85915 

85496 

56  i( 

93 

95 

iq 

3  5a 

fl5 

85734 

Pb 

M 

4    0 

96 
Diff. 

.4780 

98 

00425 

Wi75 

M 

H™r,..« 

HourA.H. 

Cosina. 

Seoam. 

Colangen 

Diff 

Tmge.ii, 

Co^eran, 

Diff 

She. 

Seconds  of  lime 

1' 

2- 

3- 

4. 

5' 

6' 

7. 

84 
86 

Prop,  parts  of  cola.)  B 

'i 

24 

36 
37 

48 
49 

60 
61 

73 

D.Google 


TABLE   XXVII. 

[Page  1B3 

S'. 

Loff,  Sines,  Tar 

gents,  and  Secants. 

G'- 

8° 

A                 A 

B                    B 

.    C                      C    171" 

M    HoUtA.H, 

H011.P.H. 

Sine. 

3iir, 

Cosecant, 

Tangeal. 

Diir, 

Colangenl 

S«cant. 

Diir, 

Cosine, 

M 

0  ro  56    o 

1    4    0 

9.14356 

0. 85644 

9.14780 

0.85220 

10.00425 

9.99575 

fo 

1        55  5s 

4    8 

.4445 

85555 

14872 

86128 

oo4a6 

99574 

§ 

2        55  44 

4  16 

14535 

3 

85465 

14963 

3 

85037 

00428 

99572 

3        55  36 

4  s4 

i46a4 

4 

85376 

15654 

4 

84946 

oo43o 

99570 

57 

4        55=8 

4  3s 

14714 

6 

85a86 

i5i45 

6 

84855 

00432 

0 

5^568 

56 
55 

5  10  55  30 

I    4  40 

9.  (48o3 

7 

0. 85 197 

9.15S36 

0.84764 

10.00434 

9,99566 

6        55  IS 

4  48 

14891 

3 

85iU9 

15327 

9 

84673 

00435 

99565 

54 

7        55    4 

4  56 

.4960 

8502S 

154.7 

845B3 

D0437 

99563 

53 

8        54  56 

5    4 

.5069 

84931 
84843 

j55o8 

8449= 

00439 

9956. 

5s 

9        54  48 

5  1  = 

.5r5? 

i3 

15598 

i3 

84402 

00441 

5^559 

5. 
5^ 

,0  ,0  54  4o 

I     5  20 

9.15245 

'^ 

0.84755 

9.15688 

~i4 

.0.843,2 

10.00443 

9,99557 

11        54  39 

15333 

■  6 

84667 

.5777 

,6 

84aa3 

00444 

?9556 

49 

IS        54  s4 

5  36 

i542i 

17 

84579 

.5667 

17 

84i33 

00446 

99554 

46 

i3        54  i6 

.   5  44 

i55o8 

18 

84492 

.5956 

'9 

84o44 

06448 

9955s 

47 

,4       54    8 

5  52 

15596 

844o4 

i6o46 

83954 

oo45o 

99550 

46 
45 

l5io54    o 

1     6    0 

9.15683 

.0.843,7 

9.16.35 

.0. 83865 

10,00452 

9,99548 

.6        53  5s 

6    a 

15770 

i3 

84230 

16224 

23 

83776 

00454 

99546 

44 

.7        53  44 

6  16 

15857 

24 

84i43 

163.2 

25 

83538 

00455 

99545 

43 

i8        53  36 

6s4 

15944 

25 

84o56 

i64o, 

26 

83599 

00457 

WM3 

4s 

,9        53  28 

6  3s 

]6o3o 

^ 

83970 

16489 

27 

835n 

00459 

m< 

4i 
40 

>o  lo  53  ao 

I     6  40 

9.16116 

10.83884 

9.16577 

"29 

I0.834S3 

10.00461 

9.99539 

=1        53  la 

6  48 

,6=o3 

83797 

83335 

O0463 

99537 

U 

as        53    4 

6  56 

16S89 

3i 

837.; 

^675; 

3i 

83247 

00465 

99535 

a3        52  56 

7    4 

1637^ 

3s 

83626 

33 

83.59 

00467 

^533 

37 

.4        52  48 

16460 

34 

83540 

i69sf 

35 

83072 

00468 

«532 

36 
35 

s5  lo  52  40 

I      7   JO 

9,16545 

35 

10.83455 

9.1701* 

l6 

"tS 

10.00470 

9.99530 

36        52  3s 

i663i 

37 

83369 

37 

0047a 

'^5=8 

34 

27        52  a4 

7  36 

1&716 

38 

83=84 

17190 

39 

828io 

00474 

^5s6 

33 

s8        5s  j6 

7  44 

39 

83199 

17277 

4o 

82733 

00476 

99524 

32 

7  5s 

41 

83ii4 

17363 

4s 

8s637 

0047B 

99522 

3i 

I     8     0 

9,16970 

4a 

[O.e3o3o 

9.17450 

43 

.o.8s55o 

10.004B0 

9,99520 

3o 

3(         5i  52 

^1^255 

44 

sXi 

.7536 

45 

82464 

00482 

99518 

S 

3,        5i  44 

8  16 

17139 

45 

17622 

46 

81378 

0048; 

9^517 

33        5i  36 

8  24 

i7=s3 

47 

82777 

,7708 

82292 

oo485 

WSiS 

=7 

34        5e  28 

8  3i 

17307 

48 

82693 

17794 

49 

82206 

00487 

9951 3 

26 
j5 

35  lO  5i  20 

I     8  40 

9.17391 

49 

10.B2609 

9.17880 

IT 

10.82120 

10.Q0489 

9.995,1 

36        5i  IS 

3  48 

>74?4 

5i 

8s526 

17965 

52 

82035 

0049; 

99509 

24 

37        5.     4 

8  56 

17558 

5s 

8s44a 

i8o5i 

53 

» 

00493 

99507 

23 

38        5o  56 

9    4 

17641 

54 

Hi 

18 1 36 

55 

00495 

99505 

39        5o  48 

9    IS 

17724 

55 

,     182a 

56 

8,779 

00497 

^55o3 

ai 

4o  10  5o  40 

9.17S07 

"56 

10.82,93 

g..83o6 

IF 

,0.81694 

10.00499 

9.99501 

41        5o  3s 

17890 

58 

,839 

59 

81609 

ooSoi 

99499 

i 

42        5o  24 

9  36 

'7973 

59 

18475 

61 

8,5a5 

oo5o3 

99497 

43        5o  16 

9  44 

i8o55 

61 

I'M 

i856o 

6a 

8i44o 

oo5o5 

99495 

44        5o    8 

9  5s 

t3i37 

6s 

18644 

63 

8,356 

oo5o6 

99494 

16 
75 

45  10  5o    0 

"61 

,0.8,780 

9.18728 

"65 

10.8127: 

.o.oo5o8 

9.9949a 

46        4952 

>83o2 

65 

81698 

66 

■oo5,o 

^S 

14 

47        49  44 

10  16 

i8383 

66 

8uoi 

oo5,s 

i3 

48        49  36 

10  24 

18465 

68 

8153; 

■^ 

69 

81021 

ooSii 

59486 

49        49  =8 

lO    32 

.8547 

^ 

81453 

71 

80937 

oo5i6 

»484 

IS 

5o  10  49  10 

1   10  4" 

9,i86s8 

io.B,37s 

9,19,46 

72 

10.80854 

io.oo5i8 

9,99482 

5i        49  IS 

10  48 

,8709 

7S 

8,291 

19329 

74 

8077. 

oo5ao 

^8. 

? 

5a        49    4 

10  56 

,8790 

73 

1931 

75 

Op532 

99478 

53        48  56 

7SE71 

75 

81  [=9 

1939 

76 

8^0; 

oo5a4 

WiT 

7 

54        48  48 

18952 

76 

81048 

,9478 

Jl 

8o5s2 

oo5j6 

will 

6 
5 

55  10  48  40 

9.19033 

78 

-US', 

9.1956 

79 

,0,80439 

[O.oo5a8 

9,99473 

56        48  32 

11  s8 

19-13 

79 

1964 

81 

B0357 

oo53o 

99471 

4 

57        48  s4 

j:  36 

1919a 

80 

80807 

,97s 

82 

80375 

00532 

5946B 

3 

58        48  16 

11  44 

1927, 

81 

80727 

,980 

84 

80193 

00534 

99466 

5g        48    8 

11  52 

19353 

83 

80647 

1988 

85 

oo536 

»64 

6c.        43    (J 

,9rf3.1 

85 

80567 

1997 

00538 

9946. 

M 

M   H™rp.m 

IlnurA.M 

Co3ine, 

DLff 

Secant. 

CotanRcn 

DJf 

Tangent 

Cosecant 

DlF 

Sine. 

Prop  parts  of  cols,  i  B 


r 

m  m 

TOLE  xxvir. 

■> 

L      S 

Taugeiit.a,  and  Secants. 

G'. 

1 

A 

A               B 

B 

C                   C     170° 

M 

u 

II 

S 

7T53 

DB 

C     ecsnl. 

Tanga«.. 

Dlff 

CoUDgent 

Seea..t. 

Diffi,  Cosine. 

M 

6;; 

Bo567 

io.oo53t 

3S 

oo54< 

47  i 

8040E 

2013. 

.■ 

7  3' 

4 

8032S 

79784 

0054' 

•l? 

4 

/7  e 

80245 

20297 

79703 

9945^ 

55 

4? 

9    9'>3 

9. 2037 1 

,0.,0fi22 

io.oo54! 

47 

4E 

%2 

800QI 

3045< 

9945c 

54 

;s 

7937s 

<»44^ 

,9 

4f)  48 

79299 

9944^ 

5^ 

C  4 

9.20782 

iJ 

10.0055! 

s 

7965c 

'  J094; 

09m 

4 

3  5 

535 

8 

21102 

iH 

78698 

00566 

0 

9943^ 

46 
45 

46 

4 

79387 

10 

,0.78818 

). 99432 

jf: 

45  5: 

.6P, 

78739 

00571 

44 

45  31 

20S4: 

2l42< 

7858c 

0057; 

/,■> 

15 

45  28 

20922 

24 

79078 

21499 

00577 

99423 

41 

4o 

,o  4-^  =n 

1  i4  4o 

'i:^^ 

9.2. 57( 

2(1 

10.00579 

45  c 

•4  41 

78924 
78847 

78343 

oo58i 

7826^ 

99417 

li 

44  5( 

i5    . 

78771 

218;. 

3o 

7B186 

00585 

37 

24 

44  48 

■37 

78694 

21893 

78107 

994.3 

.^5 

I  i5  so 

10.7861a 

10.00589 

i5  si 

2i45f 

2204< 

?i; 

D0591 

44  2' 

78466 

994^^ 

i 

44    8 

i5  5= 

ar635 

38 

78315 

22283 

00598 

-f 

99402 

3i 

lo  44    0 

.0.78230 

9.22361 

3q 

io.7763g 

10.00600 

0060; 

S 

■h 

43  4' 

i6  If 

7B088 

225l( 

4i 

ooGo; 

43  3i 

2,^7 

760  [3 

a259: 

00606 

^ 

2206a 

44 

77938 

22670 

44 

77330 

00608 

99392 

26 

[O  43    50 

I  i6  4o 

4'> 

10.00610 

'■^^ 

i6  46 

4S 

47 

oo6r: 

14 

22286 

4-7 

;s 

0061 5 

i.-l 

i?      4 

4Q 

<«:ffl3 

i. 

22435 

49 

09381 

Vo 

[o  42  4o 

5o 

9.23130 

,0.76870 

10.00621 

76794 

99377 

',t 

4= 

22657 

5.H 

77343 

2328: 

54 

0062f 

4.1 

42    If 

17  4^ 

!>4 

77269 

2335; 

1.0 

76641 

006  2f 

99372 

44 
4^ 

42     8 

17  52 

56 

77195 

23435 

76565 

Qo63o 

^ 

99370 

lb 

r5 

10  4j    o 

9.22876 

9.235,( 

10.76490 

9.99868 

41 

4i  52 

60 

oo63/ 

14 

4i 

4i  4' 

iB  if 

23661 

i>i 

76339 
76263 

oo63( 

i3 

23o9f 

W'9 

1 

i8  3! 

33171 

oo64i 

99359 

To 

lo  4i  St 

<,.=3,4, 

f.,1 

m 

10.0064; 

4l    l: 

i8  48 

76683 

2396; 

oo64f 

c^m 

t 

4i    ^ 

i8  56 

23300 

01 

76610 

24o3: 

% 

oo^i- 

W153 

2411; 

69 

od64[ 

oo35i 

5^ 

40  48 

99348 

b 

"5 

10  4o  4( 

9.24261 

'"tut 

[o.oo65i 

1928 

76321 

24335 

73 

4o  2- 

1936 

23762 

76248 

24410 

75590 

99342 

1 

1944 

40    ( 

=3895   74 

76105 

2455) 

76 

75442 

0066; 

M 

4o    o 

23957]  76 

76033 

24632 

7S 

75368 

00665 

2 

99335 

M 

HourF.«. 

Hour  A.M. 

CosinoJDiir. 

Scciinl. 

Diff. 

Tsiigeiit. 

Coscfanl. 

Diir 

Sine. 

Smond.ortlm. 

!■ 

3' 

3' 

4.     5. 

B' 

7' 
66 
68 

Prop,  parts  of  oo! 

{■ 

9 

19 
19 

29 

38     47 
'39     49 

57 
58 

lOogle 


TABLE   XXVri. 

[PaselSS 

S'. 

Log.  Sines,  Tangents,  and  Secants. 

,^! 

10= 

M  IIourA-M 

Hoarr.iii. 

Sine. 

Diff 

CosecBiit: 

■rtmgoiil. 

Kff. 

Socanl. 

Itili'. 

CosiDe. 

M 

6?; 

0  lO  4o     o 

.0.76033 

9.34632 

a 

2470f 

99333 

It 

a         39  4' 

34<l( 

24779 
24853 

9933, 

30  =4 

4         35.8 

10  32 

24253 

5 

ySy-i? 

34926 

5 

75074 

0067, 

-f 

99336 

56 
55 

5  .a  39  =0 

,  2c4o 

9.2432= 

-0.75676 

p.25QOO 

,0.00676 

e       39  K 

74927 

90323 

I        '.t4 

21     4 

3453( 

75464 

252  IS 

74781 

oo6S; 

,S2 

9       38  48 

75393 

25=93 

74708 

0068! 

5n 

,0  ,0  33  4. 

9.24677 

9,25365 

10. 74635 

10.00687 

9.99313 

II        38  3: 

|3 

75252 

1.4 

74563 

49 

12       38  n/. 

21  35 

24816 

14 

75183 

255 10 

14 

74490 

99308 

,;        38  If 

2488} 

I'l 

2558^ 

I'l 

,4        38    8 

21    52 

24958 

75o4- 

25655 

It) 

74345 

-  00696 

993o4 

40 

45 

i5  10  3S    0 

I    12     0 

■7 

iM 

10.74273 

1 

S 

74902 

74201 

44 

74 1 39 

CO70; 

18        37  3( 

2523- 

0070! 

99294 
9^292 

42 

19       37  a8 

23    32 

"^ 

74693 

73985 

4. 
40 

20  10  37  ao 

I   3=  4" 

9.2537f 

10.74624 

o.26o8( 

'-^^ 

io.o<-7io 

=  2  48 

34 

74555 

261 5t 

25 

23        37    . 

2551. 

26221 

73771 

00285 

23         36  56 

a3     4 

2558: 

99283 

i4        36  48 

23  12 

26373 

0071c 

993B1 

35 

=5  .0  36  40 

2M 

10.73557 

iO.00723 

26         36  3: 

23  28 

as 

27        36  2i 

74143 

36585 

0072! 

74073 

00721 

25995 

74o<)5 

' 

^ 

9.2606; 

,0.7.3.37 

^■:^^ 

10.0073, 

3j        35  5i 

24     8 

00731 

It 

32        36  4' 

34  '6 

26^99 

,H6 

26937 

.in 

73o63 

O073f 

33        35  36 

=4  24 

262(17 

,1M 

73733 

39 

992&i 

27 

34        35  28 

24  3) 

26335 

39 

73665 

27078 

73922 

00743 

1 

99357 

25 

35  10  35  2o 

1  24  4o 

4o 

10.73597 
7353o 

g.27i4e 

4. 

10.72853 

10.00745 

36        35  1; 

24  48 

26471 

4. 

42 

72782 

0074E 

99252 

24 

2653t 

41 

2738t 

44 

007  5( 

36605 

4.1 

72643 

0075  ■: 

39        34  48 

25  12 

26672 

44 

27427 

72573 

Oi-''if^ 

9924? 

— 

40  10  34  4o 

1  25  20 

'1SS 

4> 

i0.73'^6i 

9-a74y6 

47 

10.725,^ 

.0.00757 

41        34  3: 

25    2B 

47 

V3>s,4 

72434 

00,5; 

1^ 

4=        34  2. 

25  36 

2687; 

3763; 

73365 

00761 

43        34  U 

25  44 

2694f 

49 

2770. 

72296 

0076^ 

17 

44        34    8 

25    52 

7-993 

27773 

S3" 

72227 

00767 

75 

45  10  34    0 

■-7^6,^ 

9.37842 

,0.72.58 

9.99331 

46        33  5; 

26    8 

5i) 

7208s 

00771 

9922c 

25  16 

2720! 

•..H 

7302(1 

4a        33  3( 

26  24 

3B049 

Vts 

2733. 

00771 

99221 

— 

1  26  40 

57 

10.72595 

9.28180 

tQ 

,.>.7.S.4 

10,00781 

9.99219 

5;        33  j; 

26  48 

2825/ 

0078; 

5=        33    i 

!:o 

72463 

2833: 

2760' 

73398 

0078B 

27  12 

2766S 

7i54i 

00791 

99209 

"5 

55  10  32  40 

li,i 

10.72266 

9.28527 

h. 

10.7147; 

10.0079; 

9.99207 

5(        32  3: 

27  28 

;;ss 

3859I 

H> 

7.4.1; 

7213c 

asee^ 

67 

0079; 

lit. 

r.7 

9919^ 

Diff 

,71940 

2886! 

7' 

7.  .35 

oo8o5 

99,95 

M 

M     KllLtF.ill 

Hour».« 

Cosine. 

Secant. 

Cotai,gci, 

Diff 

Tangoi.t. 

Cosecani 

Diir 

Smo. 

Seconds  of  lime 

V 

9' 

3- 

4'      5'     6' 

7" 
60 
62 

(A 

Prop.  partBofcok.  ^B 

9 
9 

>7 

36 

34  43     5i 

35  44      53 

"^  Google 


p 

eo  isoj 

TABLE   XXVII 

■^' 

Log.  Sines,  Timgents,  and  Secants. 

11^ 

A 

A               B 

B 

C                    €108° 

R 

Hour  J. M 

Hourp.d. 

"  Sine. 

Diff. 

Coaeeant 

Tangenl. 

Diir 

Colangenl 

See^l. 

oiir. 

Cosiiis. 

M 
6r, 

10  3a     0 

I   a8     0 

9,28060 

10.71940 
71875 

io.oo8o5 

=893; 

71067 

99.92 

to 

.1 

3i   36 

28   24 

'f^X 

3 

71810 
71746 

29000 

.3 

3S 

008.3 

n 

99100 
99187 

57 

4 

1 

3.   a8 

aS  32 

283  [9 

4 
5 

20.3, 

4 

00815 

0 

55 

.0  3i  =a 

1  28  40 

10.71616 

^ 

.o.707|9 

7155. 

29266 

54 

29    A 

^ 

3o  48 

29  ,2 

28641 

9 

7.359 

29468 

00828 

i- 

9917s 

[o  3o  4o 

I     29    20 

-"■7';:?? 

9.29535 

io.7o4fi5 

.0.0083O 

70399 

a 

3o  2. 

71.67 

2966! 

..-1 

O0835 

1,1 

3o    !( 

28960 

f.1 

7.104 

=973' 

r4 

00838 

47 

3o    8 

=g52 

■4 

71040 

29800 

i5 

00840 

99.50 

45 

1  3o    0 

0.2^866 

16 

,0.70,3^ 

10.0084; 

2993: 

3o  if. 

(K 

iH 

iK 

3o  24 

292  li 

6^0 

oo85c 

42 

!? 

29377 

70723 

00853 

99147 

4o 

I  3o  40 

9.29340 

10.70660 

9,3o,o5 

.0.69805 

23    K 

2940; 

70597 

2,'l 

oo85) 

99143 

3^ 

29    , 

5946( 

J.H 

70534 

24 

oo8S< 

99141: 

14 

■,•> 

0085: 

24 

2959 

70409 

304I7 

20 

99tM 

35 

I  3i  JO 

9.2965. 

2fi 

10.70346 

.0.6047^ 

.o.oo86t 

?t 

3o5B- 

0087c 

7022. 

3o65^ 

69346 

0087; 

29K4 

0687! 

29 

.It) 

29903 

70097 

99122 

3^ 

io.7O03i 

,1. 

.1r 

309., 

6908^ 

It 

30001 

690,, 

309.7: 

2- 

a4 

32    32 

3o2i3 

35 

3mo- 

37 

00891 

99105 

2b 
25 

zo  57  20 

,0.69725 

9.3..6f 

.0.68S32 

10.0069, 

27  i: 

32  48 

3o33( 

37 

69664 

30 

68767 

0089I 

li 

.St 

27    . 

3a  56 

3o39f 

3K 

69603 

3.29: 

40 

68703 

00891 

99[oi 

2,-: 

.W 

3o45i 

39 

6954- 

4i 

68639 
68575 

00901 

99099 
99096 

J9 

3o52, 

69475 

3 1425 

42 

0090. 

^ 

iL 

10  2a  40 

I  33  20 

9.30582 

4T 

[0.6941a 

9.31489 

4^ 

9.9909; 

4r 

3t64: 

42 

6935, 

44 

990D1 

It 

25  s^ 

3070? 

11 

.     3i6i( 

68384 

3076; 

-il 

69235 

6832. 

0091, 

W0K6 

4t 

69174 

47 

009.7 

99083 

75 

,0.6  0 

1  34    0 

9.3i8o6 

'"mt 

.0.00920 

4M 

69053 

31871 

M 

3.93: 

■  99075 

99072 

25  28 

34  32 

J,I2^ 

5; 

68671 

53 

6794. 

i- 

99070 

Ti 

10    25    !(, 

I  34  40 

^'> 

10.68811 

'"i 

.0.6787S 

St 

S? 

25      . 

34  50 

3[3io 

54 

S 

3224£ 

56 

67752 

0093s 

99062 

S,i 

24  5« 

.    35    4 

3[37o 

55 

333.. 

57 

676B9 

^S 

54 

=4  4a 

35  12 

3i43i-> 

56 

63570 

33373 

58 

0094; 

"5 

[o  24  4o 

I  35  20 

9.32436 

59 

.0.67564 

10.00946 

SO 

i't 

57 

24  ^' 

35  36 

3r6oc 

5q 

68391 

h. 

67439 

<«>95a 

99048 

^3 

6833 1 

3262; 

M 

0095,1 

35  52 

(i. 

68272 

32685 

04 

673,5 

90043 

24    c 

36    0 

3.788 

tl2 

682E2 

32747 

OS 

Wi" 

M 

Hourp.H. 

Hotir  \M. 

Cosine. 

Diff. 

Secant, 

Colangenl 

Dirt-. 

Tsiigci.1. 

Cosecanl, 

Diir,    Sine. 

Seconds  oF  time 1" 

2" 

3'     4- 

5" 

6" 

7. 

(A         8 
Prop,  parts  of  cols  ^  ]J         8 

\c    1  0 

16 
.6 

23  3i 

24  --^ 

39 

4o 

47 
49 

54 

L-5T-. 

Google 


TABLE   XXVII. 

[I'ase  iS7 

*■'•                                   Log.  Sines,  Tangents,  aud  Secants. 

fl'. 

IT                                 A 

A               B 

B 

C                 C    167° 

M  HpurA.M.  H01U-P.M 

Sius. 

Diff 

Cosecaut. 

Tangent. 

DID 

Ca<a..gcni 

SecaDl. 

Oiff 

CosEue. 

M 
60 

0,024    0    1  36    0 

9.31788 

.0.682,2 

9.32747 

.0,67253 

9.99040 

I        33  52       36    8 

3i847 

68.53 

338.0 

67190 

99o38 

g 

3        =3  44       36  j6 

3.907 

68093 
6Bo34 

32873 

67. s 

00965 

^35 

3        23  36       36  54 

3.966 

3 

32933 

3 

67067 

0096B 

99032 

57 

4        a3  !8       36  3= 

32035 

4 

67975 

32995 

4 

67005 

00970 

0 

99o3o 

56 

55 

5  .0  =3  ao    1  36  40 

9.3208^ 

~ 

"■|;?;5 

~^3^ 

5 

10,66943 

10.00973 

0 

9.99027 

6        =3  IS       36  48 

32.43 

6 

33119 

6 

66881 

00976 

99024 

54 

7        a3    4       36  56 

33202 

67798 

33 180 

66820 

00978 

99033 

53 

8        as  56       37    4 

3235. 

8 

67739 

33242 

8 

66758 

99019 

5a 

323.9 

_9 

6768. 

333o3 

9 

66697 

00981 

99016 

5. 
5^ 

10  10  32  40    '  37  20 

9.32378 

.0.67622 

9.33365 

;;r66535 

10.00987 

9.99013 

U            32    32           37    28 

33437 

67563 

33426 

66574 

00989 

99011 

it 

IS         22  24        37  36 

67505 

33487 

665.3 

00992 

99008 

i3       22  16      37  44 

67447 

33548 

j3 

66453 

99005 

47 

,4        23    81      37  5a 

326.2 

i3 

67388 

33609 

14 

66391 

. 

9900a 

46 
45 

i5  10  22    0 

I  38    0 

9.32670 

i4 

.0.67330 

9.33670 

75- 

I^MSsZ 

-r 

9.99000 
98997 

16            21    52 

38    8 

33728 

i5 

67272 

33731 

16 

66269 

'0100: 

44 

17        21  44 

38  16 

33786 

16 

672.4 

33792 

6620S 

0.006 

98^4 

43 

18        21  36 

38  24 

32844 

■7 

67166 

33853 

66.47 

0.009 

'i 

a 

4a 

19          31    28 

38  32 

32903 

Jl 

67098 

33913 

Jl 

66087 

41 
4o 

20    10    21    20 

,  38  40 

'9 

10.67040 

9-i3974 

.0.66036 

9.989B6 

38  48 

^"33^.( 

66983 

34o34 

659G6 

98,83 

II 

12             21       4 

38  56 

33075 

66925 
66667 

34095 

66905 
65B45 

989S0 

23        20  56 

39    4 

33.33 

34i!5 

23 

& 

37 

24        3o  48 

3^T3 

33.90 

23 

34215 

65785 

O1035 

98975 

36 
35 

25  10  20  40 

,3930 

9.33248 

24 

.0.66752 

9.34376 

^ 

.0.65724 

10.0.028 

9.98973 

26         20  32 

39  38 

333o5 

25 

34336 

26 

65664 

o.o3i 

98969 

34 

27        so  24 

39  36 

33363 

36 

34396 

656o4 

oio33 

98967 

33 

39  44 

33430 

37 

34456 

28 

65544 

0.036 

989« 

32 

3952 

33477 

28 

66523 

345.6 

29 

65484 

0.039 

98961 

1 

30.020  0 

I  40    0 

9.33534 

39 

.0. 66466 

9.34576 

3o 

.0.65424 

.0.0.042 

9.9895s 

3i         19  52 

40     8 

3359. 

29 

34635 

3. 

65365 

01045 

Ssjss 

It 

32        19  44 

4o  16 

33647 

34695 

3i 

653o5 

0104? 

98953 

33        19  36 

40  24 

33704 

3. 

^t 

34755 

33 

65245 

o.oSo 

98950 

34        r9  28 

40  32 

33761 

33 

34814 

34 

65 186 

0.053 

98947 

26 

I5 

35  [o  J9  20 

1  40  40 

9.33818 

~3i 

9.34874 

l5 

.0,65.  =6 

1O.O1056 

9.98944 

36        19  13 

4048 

338,4 

34 

66.26 

"^  34933 

36 

66067 

01069 

9E941 

24 

37         .9    4 

40  56 

33931 

35 

66069 
660.3 

IS 

37 

65oo8 

01063 

98938 

23 

33        18  56 

41    4 

33987 

36 

a? 

o.oW 

PPe 

39         rS  48 

4l     13 

34043 

37 

65957 

35111 

39 

01067 

,8,33 

H 

40  10  j8  4o 

I  41  ao 

9, 34) CO 

ir 

.0,66900 

9.35170 

40 

,o.6483o 

9.98980 

4,           18   33 

34.56 

39 

65644 

35229 
35288 

41 

64771 

98937 

19 

43      la  24 

41  36 

342.2 

4o 

65788 

42 

647. a 

01076 

^934 

,i 

43         18   .6 

41  44 

34268 

4i 

65732 

35347 

43 

64653 

01079 

9893. 

44       18    8 

41   52 

34324 

42 

65C76 

354o5 

44 

64595 

OJ08. 

._??21? 

16 

i5 

45  15  18    0 

I  42     0 

9.34380 

"43" 

.O.65620 

9.35464 

75 

.0.64536 

io.o,oB4 

9.989.6 

46        17  52 

43     8 

34436 

44 

65564 

35523 

46 

64477 

0.087 

'4 

47       17  44 

42  .6 

3449. 

45 

65509 

3558 1 

47 

644.9 

01090 

989^0 

,3 

48        17  36 

42  24 

34547 

46 

65453 

35640 

48 

64360 

oio?3 

98907 

49        17  =8 

42  32 

34602 

47 

65398 

35698 

4s 

64303 

0.096 

_^9o4 

7^ 

50  ,0  ,7  =0 

1  43  40 

9-34658 

48 

.0. 65342 

9.35757 

"bo 

10.64243 

.0.0.099 

5l             17    13 

42  48 

'34713 

48 

66287 

358i5 

5. 

64i85 

9 

53        17    4 

42  56 

34769 

49 

6523. 

35873 

52 

64127 

01  [o4 

98896 

8 

53        16  56 

43    4 

348a4 

5o 

65.76 

35931 

53 

64069 

01107 

98693 

7 

54        j6  48 

43  12 

34879 

5. 

65.2. 

35989 

54 

64oij 

3 

98890 

It 

55  Lo  ,6  40 

.43  20 

9.34934 

T3 

.o.65o66 

9.36047 

^" 

10.01. .3 

~3" 

9.98887 

56        16  32 

43   38 

34989 

53 

65oii 

36io5 

56 

638^7 

011.6 

3 

"^^884 

4 

57        ,6  24 

43  36 

35544 

54 

64956 

36.63 

57 

01.19 

3 

3 

58        ,6  16 

4344 

SS 

55 

6490. 
64846 

36221 

58 

63779 

3 

59        16    8 

43   53 

56 

36379 

59 

6372, 

o..a5 

3 

98875 

So        ,6    0 

44    0 

35209  57 

6479' 

36335 

6i 

63664 

0.128 

3 

^8873 

M 

11    Houri.,« 

HourA.iii. 

CodiK^.lDlff. 

SocmU. 

Coliing-en 

Diir, 

Tsngent, 

Cosecanl, 

Diff. 

Sino, 

1' 

2' 

■.i' 

4' 

5. 

l)= 

7" 

Prop,  parts  of  cola. 

n 

Q 

.4 
.5 

11 

29 
3o 

36 
37 

43 

45 

5o 

53 

Google 


V 

ge  105] 

TABLE   XXVIL 

s 

Log  '^ines,  Tangents,  and  Secants. 

«| 

13° 

A 

A              B                  B 

C                C  166°1 

M 

Hour  A  u 

Houtp  H 

S    e 

Dfl- 

C  secant. 

Taiigeut. 

Diff. 

Secant. 

Diff. 

Cosine. 

6^ 

10  If     0 

I  44    0 

'",^S 

10  64791 

9.36335 

9.98872 

i5  5a 

44    f 

64737 

3639. 

636o6 

oi.3i 

59 

i5  44 

44  't 

353i) 

64682 

63548 

OI!3o 

:i 

i5  31 

3537: 

36509 
365S6 

3 

oiise 

4 

i5  28 

4-,    =2 

354^7 

4 

4 

63434 

OU39 

~ 

98861 

56 
55 

I  44  4o 

9  35481 

4 

10.64519 

9.366ai 

h 

10.63375 

10.01142 

r,0«H58 

1- 

i5  i: 

3553e 

•> 

h 

35590 

64410 

3673i 

(■ 

63262 

98852 

■.3 

h 

14  5t 

45    A 

36795 
3685a 

63205 

^84^ 

Si 

_? 

i4/S 

63i48 

5. 

10  i4  4o 

,A^=. 

9  35752 

0 

[o. 64248 

'■'f^ 

10.63091 
63o34 

.0,01157 

45  =S 

358oC 

64194 

45  3f 

3586( 

64i4o 

3702; 

i4  If 

37080 

14 

37137 

01.69 

9883. 

46 

I  40    0 

9.37193 

M 

10.62807 

9.98828 

Id 

46    & 

63025 

iS 

4'"  lb 

63871 

37306 

tH 

]3  3fi 

638iS 

3786; 

0118] 

0 

i9 

i3  sB 

4b   32 

365o6 

tI 

63764 

37419 

62581 

I 

4. 
41' 

10. 637 11 

9.9881; 

6365G 

3753; 

01191 

i3    . 

46  5b 

3539' 

636o5 

3758f 

624.2 

0119: 

9380'; 

30441 

o,igt 

24 

47    12 

-^ 

37700 

^ 

01199 

10  1=  40 

1    47   20 

9  36555 

10.63445 

9.37756 

10.62244 

35 

■?h 

47  af 

36fioi 

2,3 

63392 

37812 

24 

oiao; 

34 

oi2oi 

3671; 

aS 

63287 

3792^ 

26 

62076 

■Ha 

29 

12      8 

47  52 

36-'fif 

25 

63234 

27 

62020 

01214 

98786 

3i 

3[. 

.48    o 

io.63i8i 

9.38035 

?N 

6'Ml 

u 

:h 

11  41 

48  if 

3692. 

j8 

63076 

:u 

1(   3( 

48   2« 

3697£ 

^4 

63024 

3i 

9877' 

62972 

38=57 

32 

IT 

01229 

~ 

98771 

i5 

9  3  o8[ 

"tS? 

9.383r- 

10.61687 

1O.0123; 

0,0876^ 

.Ifi 

37  t3- 

3836f 

Xi 

6i63a 

nKifi'i 

I[     / 

48  56 

3718; 

62815 

61577 

s,i 

^H 

lo  5 

3723- 

62763 

31 

i 

49  .2 

3728s 

62711 

3853; 

— 

1  4}  20 

9    734 

!,■) 

10.62659 

9. 38580 

37 

io.6i4i( 

.0.01247 

9,9875; 

'■<! 

lo  3: 

62607 

;t 

436 

37 

62555 

4J 

I     It 

4944 

37H9 

9874: 

17 

44 

41 

75 

1  5o    0 

10.62400 

42 

.0.6.. 37 

5o    8 

376^= 

389,f 

9B73. 

i4 

41 

377  .. 

4 

62297 

3897. 

0£26< 

9873, 

5o  24 

4J 

0127; 

S 

9=8 

5j3j 
1  5o4o 

378U& 

43 

62194 

39082 

45 

^09>8 

98725 

7^ 

9.3785s 

m.6ii4i 

<,.,39r3fi 

46 

10.0127* 

3 

5o48 

987.^ 

I 

14 

^n 

^.H 

5i    4 

47 

61938 

i^U 

49 

3 

b4 

8  43 

5i  12 

38062 

47 

60647 

0.291 

3 

98709 

b 

,0    8  4o 

I  5i  20 

9.3811; 

10.61887 

^-^t 

10.0,29. 

3 

0.0B706 

5 

An 

f>7 

5i  31: 

382 1 5 

61785 

h:i 

oi3of 

:i 

9^70f 

.■i 

■iK 

8  i6 

38a6( 

^T 

61734 

54 

■■i 

!.g 

3    ( 

5i  5a 

38317 

Si 

61 683 

!>*. 

98694 

53 
Diff 

6i632 

35677 

98690 

M 

lIourP.B. 

Hour  A.M. 

Cosiue. 

Sm-md. 

Colangen 

DIFf 

TBJigeiil. 

CosecanLlKfT.]    Sine, 

Sccoiida  of  time 

1' 

2' 

3- 

4. 
26 

aH 

5' 
33 

35 

6' 

7" 

Prop,  parts  of  cola.  ^  B 

I 

i3 
14 

20 

39 
42 

43 
3 

Google 


TiJ.ir  \^'  u 

^'-                                  Log  S 

Ilea,  T-ingenls   and  Secanis, 

U'. 

14=                                  A 

A              B 

B 

C                 C  165° 

M  Hour*  H 

Hourp  M 

Sin" 

Diff 

Cosecaul 

Tan^Gil 

DiD 

Cotangent 

Secant. 

Diff. 

Cosine. 

M 

60 

1    53       11 

9~3"fi36a 

ij  6163.. 

9  39677 

.o.6o323 

io.o,3io 

'■a 

1         7    5j 

52     8 

38418 

6 1 582 

3973, 

60269 
6o2i5 

i? 

a          7   4^ 

3B469 

6i33i 

39.8= 

?8684 

3         7   3D 

53  24 

38510 

61481 

3^3b 

3 

60162 

oi3i9 

98681 

57 

4         7    s8 

52  3a 

3S5-0 

3 

6i43o 

3^9' 

3 

60108 

01332 

0 

98678 

56 
55 

5  .o   7    J' 

1  5a  4o 

4 

10  0138 

9  39945 

10.60055 

,o.o.3a5 

9.98675 

6         7    IS 

31070 

5 

0i33( 

3^99 

5 

60001 

0.339 

98671 

54 

7         "     4 

52  56 

387=1 

6 

6  279 

^Z'Z 

6 

59948 

01333 

98668 

53 

8         6  50 

53    fl 

38-7J 

Ojai? 

qoioO 

7 

59894 

C.335 

986fi5 

52 

9        U  43 

53  12 

3382  1 
9  jt!b7i 

_7 

61179 

4  i5? 

8 

59841 

01338 

98662 

5. 
5^ 

10  10   e   4o 

1    53    23 

10  6.1  9 

9 

4i   u 

9 

10.59788 

10.01341 

9.98659 

li         6  33 

53  28 

^3892, 

9 

61079 

40266 

59734 

01344 

28656 

$ 

12         6   =4 

53  36 

38970 

61029 

403.9 

5968) 

0.348 

9B65a 

i3         6    .6 

53  44 

3902, 

60979 

ao37= 

59638 

0.35. 

9S649 

47 

i4        6     B 

53  52 

3907, 

60929 

4o425 

il 

59575 

01354 

9864s 

45 

]5  lo  6     0 

1  54    o 

9.39121 

10.60S79 

9.40^178 

10.59533 

10.0,357 

^'$6it 

i6         5   52 

54    8 

39170 

i3 

6o83o 

4o53i 

14 

59469 

oi36o 

44 

17         5  44 

54  i6 

39220 

i4 

60780 

40584 

i5 

5^4.6 

0.364 

43 

,8         5   36 

54  24 

39370 

i5 

60730 

4<fi36 

16 

59364 

0.367 

08633 

4a 

19         5    =8 

54  3a 

Vgil^ 

i5 

60681 

4.689 

■7 

59311 

0,370 

1 

98630 

4. 
40 

so  lo   5    ao 

I  54  4o 

9.39369 

-^ 

10.6063. 

9.40742 

10.59258 

,0.01373 

9.98637 

11               5     12 

54  48 

"^3^,8 

6o58a 

40795 

18 

59205 

0.377 

22          5      4 

54  56 

39467 

60533 

40847 

'9 

59,53 

o.38o 

98620 

a3         4    56 

55    4 

3^,7 

'9 

6oi83 

40900 

.59.00 

0.333 

58S.7 

37 

24         4    48 

55  .a 

39556 

60434 

_   40952 

^ 

59048 

0,386 

1 

986.4 

36 
i5 

25  lo  4  4o 

1  55  20 

9.39615 

io.6o3b5 

9.4100J 

10.58995 

10.0,390 

9:^8610 

36        4   3= 

55  28 

^3i^ 

6oi36 

4 1057 

23 

58943 
58S9, 

01393 

5B607 

34 

27         4    =4 

55  36 

3^ 

6oa87 

41109 

a3 

0,396 

98604 

33 

a8         4    i6 

55  44 

39762 

23 

6oj38 

a4 

58839 

tll^ 

98601 

32 

39        '4     8 

55  52 

3581, 

34 

60189 

4iai4 

25 

587B6 

a 

98597 

3, 
3o 

3o  lo  4     0 

I  56    0 

9.39B60 

a4 

io.6lii4i) 

9, 4 1:^66 

a6 

.0.58734 

io.o,4o6 

9.98594 

3(         3   5a 

56    8 

a5 

60091 

4i3i8 

586B3 

01409 

& 

'? 

3j         3   44 

■    56  i6 

3995B 

26 

600^2 

4.370 

5863d 

Oi4l3 

aS 

33         3    36 

56  34 

27 

59994 

4i4a3 

58678 

oi4i6 

98584 

34         3    28 

56  3a 

40055 

a8 

5^ 

41474 

3o 
17 

58526 

014.9 

a 

9858, 

26 
l5 

35  lo  3    30 

,  56  4o 

9.40103 

39 

10.59S97 

9  4.5.6 

10. 58474 

10.01432 

9.98578 

36         3    12 

56  48 

4oi52 

39 

59848 

4i57fa 

3. 

58422 

01426 

98574 

24 

56  56 

4oaoo 

3o 

59800 

41639 

3i 

58371 

01429 

98571 

23 

38         a    56 

57    4 

40249 

3i 

59751 

41681 

33 

583.9 

■     OI432 

98568 

39         a   48 

57  12 

4oa97 

3a 

59703 

41753 

34 

68267 

01435 

a 

98565 

^ 

4o  lo    a   4o 

.  57  ao 

9.40346 

33 

10.59634 

9  41784 

35 

10.0,439 

9.9856, 

4i           a    3a 

57  28 

40394 

33 

59606 

41836 

36 

58.64 

o,44a 

.98538 

',1 

42         a    24 

57  30 

4o44a 

34 

59558 

36 

581.3 

0,445 

98555 

43         a    i6 

57  44 

40490 

35 

59^510 

4.939 

3? 

58oSi 

0.449 

9B55. 

17 

44         2      6 

57  5, 

4o538 

36 

59462 

4199" 

38 
39 

58010 

01452 

98548 

16 
16 

45T^^~Z 

1  5a   o 

9  4(,586 

^ 

.0.594.4 

9  4a^4i 

10.57959 

r^:^4"55 

9. 98545 

58    8 

^40634 

37 

59366 

45093 

5^^ 

01459 

3 

'^54. 

14 

47         1    44 

58  i6 

4o6Ha 

59318 

.P.44 

4! 

o,46a 

3 

98538 

,3 

48         I    36 

58  a4 

40730 

39 

593^0 

42,95 

U 

57805 

oi465 

3 

98535 

49        1    ^e 

53  32 

40778 

40 

592.2 

<1224C 

43 

57754 

01469 

3 

9853. 

11 

5o  10    1    ao 

1  58  4o 

9  40825 

IT 

iO.59175 

9    42297 

43 

10.5770J 

10.0.47= 

~T 

9.93526 

5l               I      12 

53  48 

40873 

43 

59.27 

4  =  348 

44 

57652 

0.475 

3 

98525 

1 

52         I      4 

53  56 

4091 1 

42 

59079 

4^399 

45 

5760. 

01479 

3 

9852, 

53         0   56 

.59    4 

40968 

43 

59033 

4a45o 

46 

57550 

oi48a 

3 

9851 8 

54         o   ^8 

5912 

4i5i6 

44 

58984 

4i5oi 

47 

57499 

3 

985.5 

6 

5 

55  iL>  o  4o 

I  59  20 

9  4io63 

15 

'58S9 

9  42552 

48 

10.57448 

,0.0.489 

"T 

9.9B5,, 

56         0   32 

59  28 

4nn 

4(> 

42603 

49 

57397 

0,49= 

3 

985oa 

4 

57         0    a4 

59  36 

41.58 

46 

5bB,a 

4=653 

55 

I, 

01495 

3 

98,505 

3 

58         o    i6 

5944 

4i2o5 

47 

58795 

43704 

5o 

01499 

3 

oSSoi 

5952 

41252 

48 

587.,8 

43755 

5. 

5?a45 

oi5oa 

3 

93498 

6o        0     0 

4i3oi> 

49 
air 

58700 

43805 

5. 

57195 

oi5o6 

3 

98494 

M 

M   h™,pm 

Ho.„M 

Cosine 

Secaiii 

Cotengen. 

Drt 

Tangent. 

Cosecaul. 

Diff. 

Sino. 

IM" 

\ 

A               B 

B 

C 

C       75" 

Seconds  of  lime :    ]    1' 

2'     3"     4' 

5- 

6'     7' 

(A        6 

13         iB 

24 

3i 

37     43 

Prop,  parte  of  cola 

B        7 

Sc      0 

i3      20 

26 

33 

39     45 
3        3' 

.( 

Jioo 

8 

P^s»ao»l                                          TABLE   XXVil. 
^'-                                       Log.  Sines,  Tangents,  and  Secants, 
15°                                     A                   A              B                    B              C                   C    104° 

M 

3 
4 
5 
6 

I 
J 

\l 
•4 

i5 
i6 

\l 
i9 

a3 
I4 
I5 
i6 

aS 
29 
3o 
3i 

35 

33 
34 
35 
36 

II 
39 
4o 
di 
43 
43 
44 

4b 
48 
40 
55 

^^ 
53 
54 
55 
50 

U 

59 

HourA.M. 

IIourp.M. 

Sine. 

DLff. 

Cosecant. 

Tangent, 

Di,r. 

Colaiigenl 

Socanl. 

Diir. 

Cosine. 

M 
60 

1 

5? 
56 
55 
54 
53 

52 

5, 
53 

it 

% 
45 
44 
43 
42 
ii 

37 
36 
35 
34 
33 

32 

3i 

3t. 

! 

26 

25 

24 

23 

i 

16 

75 
I3 

1 
6 

-5 

4 
3 

M 

'9  59  5° 
5,44 
59  36 
59=8 

0    24 
0    32 

9.4i3oo 
4»347 
,41894 

4i488 

3 

.0.58700 
58653 
58606 
58559 
5S5I2 

9.42805 
42856 
42906 
42957 
43007 

3 

10.57195 
^7 '44 
57094 
570^3 
56993 

oi5i6 
015,9 

° 

9.9^494 

5^5! 
53  48 

0  56 

1  4 

9.4.535 
4.582 
41628 
4.675 
4.722 

4 
5 
5 
6 

584.8 
5837J 
58325 
58278 

9v43o57 
43.08 
43.58 
43208 
43=58 

i 

7 

'"'5X2 
568^2 
56792 
567^2 

0,526 
015=9 
o,533 
oi536 

I 

9.98477 
98467 

98464 

9  58  4o 

%6  3. 

58  24 

58  16 

58    8 

I    36 
I   44 

I      52 

9.4.768 

4l;«8 
4.954 

8 
9 

I0.5S233 

58.85 
58.39 
58092 
58o46 

9.43308 
43358 
43408 
43458 
435o8 

9 

.0.56692 
56642 
56592 
56542 
56492 

io.oi54o 
01543 
OI547 
oi55o 
0,553 

9.98460 

"^98457 

98453 

98450 

^447 

9  58    0 

5744 
57  36 
57  28 

2     8 
2    16 
2   24 

2    32 

'42047 
42093 
42.40 
42.86 

i3 
.4 
.4 

578.4 

9.43558 
43607 
43657 
43707 
43756 

i3 

i4 
i5 
16 

.0.56442 
56393 
56343 
56293 
56244 

,0.01557 
•oi56o 
0,564 
0,567 
0157, 

9.9B443 
98440 
93436 
98433 
98429 

^r7- 

114 

56  48 

2   2   4o 

2  56 

3  4 
3   12 

9.42232 
42278 

42324 

42370 
4im 

.5 

'7 
'7 
18 

'9 

■  '57722 
57676 
57630 

57584 

9.43806 
43855 
43905 
43954 
44004 

18 
■9 

56i45 
56095 
56o46 
55996 

01578 
oi58i 
01 585 
01588 

\ 

9.984=6 
98422 
984,9 
984.5 
984.2 

9  5B  40 

^56  32 

56  24 

56  16 

56    6 

2   3   20 
3   28 
3   36 
3   44 
3   52 

9.4246. 
42507 
4s553 
42599 
42644 

10.57539 
57493 

574i7 

5740. 
57356 

9.44053 
44.02 
44i5i 
44201 
44250 

a3 
24 

'55S98 
55849 

1%^ 

oi6o5 

98402 
98398 
98395 

9  56    0 

''555= 

55  44 

55  36 

55  58 

2   4     0 

4     8 

4   16 

.  4  24 

4  32 

'II 

42826 
42872 

23 

24 
24 

25 

.0.573.0 
57265 
57219 

US 

44397 
44440 
44495 

25 

26 
28 

10.55701 
55652 
556o3 
55554 
555o5 

10.01609 

01616 
0,619 
01623 

93384 
0838, 
98377 

55    4 
54  56 
54  48 

2  4  40 
4  48 

4  56 

5  4 
5  12 

9.42917 
42962 
43008 
43o53 
43098 

27 

.0.57083 

57038 
56992 
56947 

5^2 

9-44544 
44592 
4464. 

29 
3i 

32 

.0. 55456 
55408 
55359 
553i2 
55262 

10.01627 
0,630 
01634 
0.637 
o,64i 

9.98373 
9B370 
^366 
983S3 
98359 

'Hit 

Hi 

54    8 

2  5  20 

5  3t 
5.44 
5   52 

43233 
43278 
43323 

3j 

32 

33 
33 

568.2 
56767 
56722 
56677 

44884 
44933 
4458. 

33 
34 
34 
35 
36 

10.55213 
55.64 
55n6 
55067 
55019 

io.oi6i 

oi65i 
o,655 
oi658 

3 

9.98356 
^352 

98342 

9  54    0 
53  52 

53  3f 
53  ->3 

1   6     0 

6   le 
0  24 
6  32 

9  43367 
434.2 
4345:/ 
435o2 
4354b 

li 

36 
36 
37 

'56588 
56543 
56498 
56454 

9.45020 
4507S 
45126 
45.74 

45222 

u 

38 

54l?4 
54B26 
54778 

0,666 
01669 
01673 
oi6?6 

3 
3 
3 
3 

58334 
9833. 
98327 
98324 

53   4 

5->  56 
5?  flS 

6   ^8 

6  56 

7  4 

7     (2 

4368c 
43-24 
43769 

38 

n 

40 

4i 

.0.56400 

56365 

'    56320 

56276 

56231 

9.45271 
453:9 
45367 
454.5 
45463 

4. 
42 
43 
43 

44 

10.54729 
54681 
54633 
54585 
54537 

'0168; 
016S7 
0169. 
0,694 

3 
3 
3 
3 
3 

'■58317 
983,3 

& 

95240 
52  32 

52    24 
5=    ID 

52      0 

7   29 
7    36 

9^36.3 
4385- 

44o34 

42 
43 
43 
44 
45 
46 

.0.56187 
56.43 

560.0 
55966 

9.455., 

45654 
45702 
45^50 

45 
46 

47 

S 

49 

10.54489 
5444; 

10.0,698 
01701 
01705 
01709 

<ii?i6 

3 
3 
3 
3 
4 

pi 

98284 

Uc  re  u 

HnifAM 

Cosoe 

Diff. 

Seca.ll. 

Cotargeni 

Diff. 

Ttmgeut. 

Coiecanl. 

Diff. 

Sine. 

Seconds  of  lime 

1' 

3* 

3' 

4.' 

5- 

6' 

7' 

f  * 

6 

,, 

■>3 

28 

34 

40 

Prop,  porta  of  cols 

[l 

6 

I 

18 

=5 

3i 

2 

37 
3 

43 
3 

lOogle 


TABLE   XXvil. 

[P^Se 

;n 

y 

Log.  Sines,  Tangents,  and  Secants. 

G'.l 

16-' 

A                 A             B 

B 

C                C    lC3°j 

M 

Hour*..! 

Hourp.H 

,  Sine. 

DifT 

Cp=e.ant, 

Ta»s-t. 

Dio; 

Cotaiigcnl 

Seca.it. 

Diff 

Cosine. 

95a     0 

2      8      0 

9.44034 

0 

10.55966 

9.45760 

.o.54a5o 

10.01716 

■b 

9.98284 

5i  5^ 

8    8 

44078 

igs 

45797 

54203 

01719 

9S28, 

ii 

5t  44 

8  j6 

441  aj 

45845 

54.55 

98277 

3 

5i  36 

8  a4 

44166 

55834 

45892 

54.08 

98273 

57 

4 

-J 

5i  28 

8  3a 

44=10 

3 
4 

5579- 

45940 

3 

54060 

0,730 

0 

^8270 

56 
55 

95.  .0 

a    8  40 

9.44a53 

.0.55747 

9.45987 

4 

10.540.3 

.0,01734 

0 

9,98266 

6 

5r  12 

8  48 

44a97 

4 

55703 

46o35 

5 

53965 

0,738 

28262 

54 

5i    4 

8  56 

4434^ 

5 

55659 

46082 

5 

539.8 

0,74, 

98259 

53 

5o  56 

9    4 

44385 

6 

556.S 

46i3o 

6 

53670 

01745 

9825^ 

5a 

_? 

5o  48 

444ae 

6 

55572 

46.77 

53823 

01749 

5^25. 

5i 
5o 

9  5o  40 

9.4447a 

7 

io. 55528 

9.46224 

~8 

10.5377S 

,0,0,752 

9.98248 

50  32 

9  a8 

44516 

55484 

4627. 

9 

53729 

0.756 

9B244 

it 

50  M 

9  36 

44559 

9 

5544. 

463.9 

9 

5368T 

0.760 

98240 

i3 

5o  16 

944 

446oa 

9 

55398 
55354 

46366 

53634 

01763 

^237 

47 

U 
i5 

5o    8 

95= 

44646 

464.3 

11 

53587 

01767 

T" 

98233 

46 
45 

950    0 

'iS 

10, 553.1 

9,46460 

.0.53540 

10.0177, 

't'li 

i6 

49  5a 

10    &< 

55267 

46507 

53493 

0177^ 

44 

'7 

49  44 

10  16 

44776 

55224 

46554 

i3 

53446 

01778 

5»u= 

43 

i8 

4935 

10  24 

44819 

i3 

55.8. 

466o. 

.4 

53399 

01782 

98518 

4a 

12 

4^=8 

10   32 

44862 

i4 

55.38 

45648 

.5 

53352 

01785 

1^ 

[(.982,, 

4. 
40 

9  49  ^° 

a  10  40 

9.44905 

.4 

.0.55095 

9.46694 

IF 

.0.53306 

01793 

49  i^ 

10  48 

44948 

i5 

55o52 

4674. 

16 

53259 

98207 

It 

48  5f 

10  56 

S 

.6 

55oo8 

46788 

53a.  2 

01796 

98204 

j3 

II    4 

.6 

54965 

46835 

53.65 

01800 

9821x1 

1, 

i4 

48  43 

45077 

.7 

549=3 

4688. 

J? 

53.. 9 

0,804 

98,96 

36 
3S 

948  40 

9.45.20 

10.54880 

9.46928 

19 

10.53072 

.0.0,808 

a6 

"^48  3= 

11  a8 

45.63 

.8 

54837 

46975 

53025 

$'ilt 

U 

48  a4 

11  36 

45ao6 

'9 

Ji?S 

470  a. 

52979 

33 

•  t  44 

45249 

47068 

5293I 

0.8.9 

98.8. 

3. 

s 

4B     8 

ir  5a 

45292 

a. 

54708 

47.  .4 

22 

52886 

0.823 

98,77 
9. 98 174 

3, 
30 

9  48    0 

9.45334 

.0.54666 

9.47.60 

a3 

.0.52840 

10,0.826 

3i 

47  5a 

la     S 

45377 

546a3 

47=07 

24 

52793 

0.830 

98.70 

3 

3^ 

47  44 

la  16 

454.9 

23 

5458. 

147253 

a5 

52747 

01 834 

^,66 

33 

47  36 

12  24 

45462 

a3 

54538 

47299 

26 

5270. 

0.838 

98,6a 

3^ 
35 

47  a8 

la  3a 

455o4 

24 

54496 

47346 

26 

52654 

0.841 

^.59 

a6 

is 

947  ao 

a  12  4o 

9.45547 

25"" 

.0.54453 

'13S 

27 

.o.5a6o3 

,0,01845 

^7^5 

36 

47  1^ 

la  48 

45589 

26 

544.. 

28 

5a56a 

ol85^ 

?8.5. 

a4 

3? 

47    4 

11  56 

45633 

a6 

54368 

47434 

29 

525.6 

98.47 

23 

38 

46  56 

.3    4 

45674 

27 

543a6 

47530 

29 

52470 

0.856 

98144 

1 

46  48 

i3  12 

457:6 

a8 

54284 

47576 

3o 

5a424 

98.40 

ao 

9  46  40 

2  i3  ao 

9.45758 

a8 

10.54242 

9.47622 

^ 

,o.5a378 

.0,0,864 

9.98.36 

4[ 

i3a8 

45801 

29 

54199 

47668 

32 

5i33a 

01868 

3 

98132 

X 

42 

46  2I 

j3  36 

45843 

3o 

54.5? 

477.4 

32 

0,87. 

3 

98.29 

43 

46  16 

13  44 

45885 

3. 

54..5 

47760 

33 

5a24o 

0,875 

3 

^.2^ 

44 
45 

4S    8 

i3  52 

45927 

3. 

54073 

47806 

34 

52.94 

0,879 

3 

98.2, 

.6 
75 

^46    0 

a  14    0 

9.45969 

33 

.0.5403, 

9.47852 

"3? 

.0.0,883 

"T 

998117 

46 

"^45  5= 

i4    8 

33 

53989 

47897 

36 

5aio3 

3 

"^^.,3 

i4 

47 

4544 

i4  16 

46o53 

33 

5394? 

47943 

36 

52057 

0.890 

3 

98,10 

i3 

48 

45  36 

1424 

46095   34 

53005 
536S4 

47989 

37 

52011 

0,894 

3 

93.06 

g 

45  28 

.4  32 

46.36:  35 

48o35 

38 

5,965 

0,8^ 

3 

75 

945  ao 

a>4  4o 

9.46.78 

36 

.0.53822 

9.43080 

39 

.0,5.9=0 
5.874 

,0.0.902 

3 

9.98098 

5i 

45  15 

14  48 

46220 

36 

53780 

48. =6 

39 

6,906 

3 

98094 

t 

52 

45    4 

14  56 

4626= 

37 

48.7. 

40 

5.829 
5,733 

0,910 

3 

980^ 

53 

44  56 

i5    4 

463o3 

38 

53655 

48217 

4. 

0,9,3 

3 

7 

54 
55 

44  48 

i5  12 

46345 

38 

48262 

42 

5.738 

0,9,7 

3 

98083 

6 
5 

9  44  40 

2  ,520 

9.46336 

39 

.o.536i4 

9.43307 

43 

,0.51693 

3 

'■& 

56 

44  32 

46428 

40 

5357a 

48353 

43 

5,6^7 

0,925 

3 

4 

57 

44  24 

i5  36 

46469 

4. 

5353. 

48398 

44 

5.602 

l\l^ 

4 

9807. 

3 

58 

44  16 

j5  44 

465.: 

4. 

53489 

43443 

45 

5,557 

4 

98067 

59 

44    8 

i5  52 

46552 

4a 

53448 

48489 

46 

5.5.1 

0.937 

4 

98063 

60 
M 

44    0 

16    0 

46594 

_43 

53406 

48534 

46 

5.466 

0.940 

4 

98060 

M 

Hourp.™, 

ImirA.M. 

Cosiiii.. 

Difl-. 

SocanL 

Colangeiil 

DifT 

■range.,,. 

DIE,    Sire. 

Seconds  of  time 

!■ 

3* 

3- 

4' 

5' 

6- 

7" 

(A 

Prop,  parts  of  cols.  <  B 

5 
6 

.6 

17 

a3 

39 

32 

35 
3, 

37 
41 

Google 


I'tseaaa] 

TABLE   XXVJI. 

S'. 

Log.  Sines,  Tangents,  and  Secants. 

G>. 

17= 

A                   A               B                     B 

C                    C   162° 

M 

HOUTA-M 

HOUTP.M 

Sine. 

Dill- 

Cosecant. 

TangenL 

Difl- 

Cotaujent 

Secanl. 

Kff 

Cosine. 

m 

9  44      0 

2   j6     0 

'IS 

10.53406 

9.48534 

10.5.46S 

10.01940 

9.98060 

^43  5 

16    s 

53365 

48579 

5l4ai 

01^4 

So56 

59 

43  44 

16  16 

46676 

53324 

486=4 

5 1376 

01^48 

98o5a 

58 

3 

43  36 

16  24 

467' 7 

53233 

48669 

5.33. 

0195a 

57 

4 

43  a8 

16  3a 

46758 

3 

5324a 

48714 

3 

5.236 

01956 

98044 

56 
55 

-^ATTo 

2   16  4o 

-■   3 

io.53aoo 

9.48759 

4 

io,5ia4i 

10.0.960 

9.98040 

6 

43  IS 

j6  48 

''4684. 

4 

53i59 

4 

iwf. 

0.964 

98036 

54 

43    4 

16  56 

4683a 

5 

43849 

5 

01968 

9803= 

53 

& 

42  56 

17    4 

46923 

5 

53077 

48894 

6 

5.106 

0197. 

980=9 

5a 

_? 

4=48 

17  12 

46964 

6 

53o36 

489^9 

7 

5.06. 

01975 

9aoa5 

5i 
5o 

9  4=  4o 

9.47005 

7 

-fS 

9-48984 

I0.510.6 

.0.01979 

9.980=1 

4=  3i 

17=8 

47045 

7 

» 

8 

50971 

0.983 

^9 

42  a4 

17  36 

470&6 

8 

52914 
52873 

9 

l^ll 

0,987 

48 

i3 

4a  i6 

17  44 

47J27 

9 

49"8 

01991 

9S009 

47 

i5 

4=     8 

.7    02 

_? 

SaaSa 

49163 

5o837 

01995 

J_      98005 

46 

45 

9  42       U 

2   lB    0 

9.47209 

'^tlV, 

9.49207 

10.50793 

"oio^ 

9.9800. 

i6 

4[  52 

18    8 

4925a 

50748 

44 

4i  44 

.8  .6 

4?'™ 

52710 

49=96 

il 

43 

i8 

41  36 

.18  24 

4735o 

52670 

49341 

.3 

5o6i5 

4a 

11 

4737. 

i3 

52629 

49385 

14 

0=0.4 

4. 

4o 

9  41  2o 

a   1840 

9.474ii 

IT 

.o.5a5B9 
5a548 

9- 49^)30 

15 

.o,5o570 

.o.oao.3 

9.9798= 

4l     I! 

.8  48 

47452 

14 

49474 

i5 

5o5=6 

97978 

4i    4 

18  56 

4745.2 

i5 

525oS 

49519 

16 

5o48[ 

02026 

97974 

a3 

4o5( 

.9    4 

47553 

i5 

5a467 

4956S 

17 

50437 

02030 

97970 

37 

14 

35 

ig  1  = 

47573 

16 

5a427 

49607 

18 
18 

50393 

oao34 

±_ 

97966 

36 
35 

9  4o  4o 

9.47613 

17 

,o.5a387 

9,4965a 

.O.50348 

io.oao38 

9.9796= 

36 

4o32 

47654 

5a346 

49S96 

'9 

5o3o4 

02042 

97958 

34 

4o  24 

19  36 

47694 
47734 

523o6 

4974a 

5oa6o 

02046 

97954 

33 

40  If 

1944 

'9 

52266 

45,84 

a° 

5oai6 

O2o5o 

97950 

32 

33 

.^52 

47774 

_!i 

5a226 

4^a8 

^ 

5o.7= 

oao54 

^946 

13 

9  4o    o 

9.47814 

10.52186 

9.4987= 

jo.o=o58 

9-9794= 

3i 

''395a 

47854 

52146 

''4^.6 

I3 

5oo84 

o=o6a 

97938 

=? 

32 

3944 

20  16 

47894 
47p34 

52106 

49?6o 

24 

5oo4o 

0=066 

97934 

a6 

33 

35  36 

20=4 

5ao66 

5SS04 

fS 

97930 

34 
35 

39  28 

20    3= 

47974 

a3 

52026 

5oo48 

25 

02074 

97936 

a6 
a5 

93930 

2    2040 

9.48014 

a3 

9.50092 

^ 

-i^'4 

.o.oao78 

9-97932 

36 

"^39  12 

3o48 

4So54 

a4 

51946 

5o.!e 

a6 

97918 

24 

37 

39    4 

20  56 

48094 
481I3 

25 

51906 
51867 

5oi8a 

49820 

979 '4 

23 

38 

38  56 

21     4 

a5 

'5o2a3 

a8 

49777 

979.0 

3? 
4o 

38  48 

48173 

26 

5(827 

50=67 

J9 

49733 

02094 

97906 

— 

9  38  40 

9.48a[3 

27 

10.517S7 

9.5o3.i 

29 

.0.49689 

10.02098 

'■|?^ 

4i 

38  32 

21  28 

48a52 

27 

51748 

5o355 

30 

49645 

'S 

4a 

38  24 

21  36 

48292 

a8 

5.708 

50398 

3i 

49602 

02106 

97894 

.8 

43 

38  16 

ai  44 

48332 

29 

5i6G8 

5o44a 

3= 

4955s 

» 

44 
45 

21   52 

4837. 

29 
3o 

51629 

5o485 

3a 

495.5 

oaii4 

16 
75 

9  38    0 

9.48411 

.0.5.589 

9.5o5a9 

33 

10.49471 

9.97882 

46 

3752 

22     8 

3i 

5.550 

5o57a 

34 

494=8 

.9787S 

47 

3744 

22  i6 

48490 

3i 

5i5io 

50616 

35 

49334 

oaia6 

97874 

.3 

37  36 

22  j4 

48529 

32 

5 1471 

5o659 
507o3 

35 

49341 

O2l30 

3 

97870 

s 

22  3a 

48568 

33 

5i432 

36 

49297 

oai34 

3 

97866 

73 

937  20 

2  2240 

0.48S07 

^ 

.0.51393 

9.50746 

"37 

10.49=54 

~i' 

9.9786, 

5i 

37  12 

22    48 

48647 

34 

5i353 

37 

49a.. 

oaj43 

3 

97857 

t 

5a 

37    4 

22    55 

48686 

35 

5.3i4 

38 

49167 

02147 

3 

97853 

53 

36  56 

23    4 

48725 

35 

5.275 

50876 

39 

4^.24 

02l5. 

97849 

54 
55 

36  48 

a3   12 

48764 

36 

5.236 

50919 

40 
40 

4908. 

02 .55 

97845 

6 
■5 

93540 

2  23  20 

9,48803 

■37 

.0.51197 

9.50962 

9.9784. 

56 

36  32 

23  28 

4B84a 

37 

5I.S8 

5ioo5 

4i 

02 1 63 

97S37 

4 

57 

3624 

23  36 

38 

5iii9 

5io48 

4= 

02167 

97833 

3 

58 

36.6 

23  44 

48920 

39 

5io8o 

I'^^l 

43 

48^ 

02171 

S^ 

59 

36    8 

23  5a 

39 

5io4i 

43 

6o 
M 

36    0 

24    0 

A 

5iooa 

51178 

44 

48822 

02.79 

9782. 

0 

HOUIP.M 

HcmtA-H. 

Cosine. 

Kff- 

Sec8..i. 

ColangGQl 

Dilf. 

Tangent 

CosecaiU 

K? 

Sine. 

M 

Seconds  of  time 

1- 

3' 

3- 

4" 

5' 

6. 

7' 

Prop,  parts  of  cola,  i  B 

5 
6 

i5 

'7 

50 

1 

? 

35 
39 
3 

lOogle 


tabll;  xxvir. 

[P.g»  9 

.1 

S'. 

Log.  Sines,  Tangents,  and  Secants. 

G'.j 

18° 

c              c  lei"! 

JH  Hour  A  H 

Honr     ^ 

=1111' 

as 

Cosecant. 

Secant. 

uiu: 

Cosiue. 

M 

=    9  36    I 
I        35  5> 

2  a4 

'SS 

° 

io.5iooa 
50963 

9.5M7B      0 

51221         1 

10.48822 

"■S\ 

° 

9-978J1 

24  le 

50924 
5o885 

3        35  3j 

2424 

5i3of 

48694 

4        35  38 

243. 

49r53 

3 

5o847 

5i34< 

■    3        4865i 

02196 

0 

55 

5    9  J5  2 

a  34  4<. 

9.5,392 

,0.48608 

244a 

A 

S4 

■;        35    . 

24  56 

A 

5i47i 

i> 

48522 

osao! 

97792 

53 

fl        34  •>( 

25       -J 

■> 

50692 

5l53£ 

5i 

9       3j  4& 

25    !■> 

49347 

b 

48437 

02216 

97784 

5i 
5o 

10    9  34  4o 

,,5.0 

9  49385 

fi 

O.5i6o6 

10.48394 

25  jB 

4942; 

50576 

5i64f 

48352 

t 

8 

5o53fi 

51691 

i3        3a  J& 

25    44 

8 

5o5oo 

5173^ 

48266 

M        34    8 

25    52 

49539 

9 

51776 

97763 

45 
45 

a  26  1 

io,5o423 

io.oaa4i 

i6        33  5- 

26    B 

4<ifii5 

5o385 

Q77'.4 

17        33  4i 

26  i6 

48007 

97750 

26  24 

97746 

4q73( 

T3 

97742 

41 

10.5O232 

),  97738 

lb  48 

4980 

50Z94 

0226* 

97734 

j6  50 

4934. 

02271 

97729 
97725 

q3        3i  5t 

27    4 

49882 

Sous 

52 15-; 

lb 

47343 

37 

M        3i  45 

27  12 

49920 

5oo8o 

5a20( 

17 

47800 

02279 

2 

9772. 

3b 
35 

.5    9324 

10.50042 

9.52242 

10.47758 

9.97717 

27  28 

5ooo4 

0228- 

97713 

37        3s  ia 

49966 

5232f 

ig 

47674 

0229; 

97708 

Xi 

j8        3i  If 

50072 

49928 

47633 

0229I 

97704 

3j 

29         32     J 

491100 

2U 

47590 

2 

97700 

3i 
3i^ 

3o     9  J2     0 

2  2fa    0 

10.4985. 

9.52452 

1O.O230, 

9.97696 

t'X 

:^ 

32        3i  4^ 

'•oii: 

023i: 

'^0261 

49739 

023i; 

28  33 

50298 

49702 

24 

47380 

97679 

35 

35    9  3i  2( 

2  .8  40 

0  5al3h 

10.49OG4 

9.52661 

.0.47339 

10.02326 

J-77674 

28  4b 

47297 

0233< 

24 

37        3i     ' 

2B  5f) 

5o4t, 

0233, 

3t        3i  5( 

4955; 

5278: 

29   ,2 

5o486 

"i5 

495^ 

58 

47171 
[O.47130 

— 

9.97653 

— 

4o    9  3o  40 

9  SuSs^ 

10-49477 

9.52870 

10.02347 

29  2£ 

5o56: 

'.i 

42             5       2( 

?;?? 

49402 

2944 

49365 

lit 

0235( 

97640 

44       So    a 

5^73 

49327 

2    3u      0 

9.53o7f 

J 

50747 

47        =9  1-1 

5078. 

43        29  3t 

3<.   W 

1o 

532oi 

34 

467^ 

0238] 

97619 
97615 

49        29  28 

3)  32 

5«58 

3i 

ti.t. 

5324; 

34 

35 

— 

'is 

9.53285 

10.467.5 

10.03390 

4 

9.9761c 

304E 

53327 

36 

46673 

4 

^ 

52  29    4 

53  23  56 

3<.  se 

33 

5336f 

4663= 

0239! 

4 

97602 

3i     4 

3.! 

534o< 

37 

46501 
46550 

0240: 

4 

97597 

54        sB  48 

3i   12 

5ioj3 

34 

IT 

48957 

53450 

38 

03407 

4 

6 

2  3l   2( 

'" '48^83 

'I^S 

18 

4 

5r,T. 

H=i 

02416 

4 

3i  3b 

5ii5. 

■■ih 

464a6 

0242< 

5S        ^8  It 

48809 
46773 

41 

97576 

■  ■iT 

4r 

32    0 

51=64 

38 

4S736 

53697 

42 

463o3 

02433 

4 

■M 

M     HoHIFll 

IlnuriM 

Co^ue 

Dft 

Se^iuit. 

Colangeni 

Diff, 

T,n^„l. 

Coaceiuit. 

Diff.[   Sine, 

SeooDds-of  Uni 

^ 

3' 

3" 

4= 

5- 

0= 

7' 

33 
37, 
4 

Prop,  ports  of 

oh. 

(A        5 

B         5 

9 

14     19 
16     21 

24      28 
26      3i 
3        3 

lOogle 


r. 

3=^*1                                          TABLE   XX"VII 

S- 

I,og.  Sines,  Tangents,  and  becanta 

G'. 

19= 

A                   A              B 

B 

C                      C    160° 

M 

HourA.M 

Hour  p. HI 

Sine, 

Difr 

Cosecant 

To.K^.i 

D.H 

Catangent 

Secant, 

ffiff 

Cosine,    M 

928     •> 

y.  32     0 

9.5r264 

10.48736 

'il% 

10  ,^b3o3 

.0  02433 

9.97567  60 

"^27   53 

32     8 

5.30 

48699 

4J262 

0243- 

97563  So 

27  44 

32  61 

5 1 338 

48662 

53779 

02442 

97558  56 

3 

27  3( 

32  14 

5 1 374 

48626 

5382C 

46180 

D2446 

97554  57 

4 
1 

32   32 

5i4i 

2 

48589 

■     5386 

3 

46,39 

02450 

0 

97550  56 

9  S7  20 

2  32  4n 

9.5.44 

~3 

10.48553 

9.5390 

3 

.0.46098 

i 0.02455 

9,97545  55 

6 

27  12 

4 

485 16 

5394 

4 

46057 

02459 

9754.  54 

7 

27    4 

32  5t> 

5.52C 

4 

48480 

53984 

5 

46016 

02464 

97536  53 

8 

2S  50 

33    4 

5i55 

5 

48443 

5402 

5 

45975 

02468 

97532  52 

_9 

26  48 

33  12 

5,59 

5 

48407 

54oG 

6 

45935 

02472 

97528  5i 

y26  4o 

2  33  20 

^1;^ 

6 

10.48371 

9,5410 

■°« 

10,03477 

26  32 

33  28 

48334 

54i4 

7 

0248 

97519  49 

26  24 

33  36 

5170 

48298 
48262 

54.8 

8 

458.3 

02485 

975.5  4fi 

|3 

26  16 

33  44 

51738 

8 

5422 

9 

0^49" 

975 ro  47 

(4 
75 

26    8 

33  5a 

51774 

8 

48226 

5426 

-,-9 

45731 

0,494 

97S06  46 

926    0 

2  34    0 

o.5i8i 

s 

'"'48 Is! 

9-5430 

10.45601 

10.02495 

9-97501  45 

[6 

25  55 

34    8 

5i84 

5435. 

4565o 

02565 

97497  44 

2544 

34  16 

48117 

IS 

45610 

O25o8 

97493  43 

25  36 

34  =4 

5191 

45569 

97488  42 

!? 

25  28 

34  32 

5195 

48045 

5447 

i3 

45529 

025.6 

97484  41 

925  20 

2  34  40 

9.5199 

10,48009 

9.545.2 

i3 

10.45488 

10.0252 

9.97479  4o 

25  1  = 

34  48 

52^; 

47973 

^5455 

i4 

45448 

02525 

97475  So 
97470  38 

25    4 

34  56 

5!o6 

i3 

47937 

,54503 

15 

45407 

oa53o 

a3 

24  56 

35    4 

ITM 

14 

47901 
4786S 

54633 

iS 

45367 

02534 

97466  37 

24 
25 

24  48 

35  12 

14 

54673 

16 

45357 

02539 

97461  36 

9  14  40 

2  35  20 

9.521, 

"iT 

10.47819 
47793 

9. 547 '4 

.0.45286 

10  02543 

9.974S7  3S 

26 

^M32 

35  28 

i5 

54754 

17 

452^6 

02S4- 

97453  34 

27 

a4  24 

35  36 

5224) 

16 

47758 

5479-1 

18 

45=06 

055S2 

97448  33 

28 

24  16 

35  44 

52278 

17 

477" 

548,35 

'9 

4SI65 

D2556 

97444  32 

3o 

24    8 

35  52 

523.4 

47686 

54875 

'9 

45125 

0256. 

97439  3i 

9  M    0 

2  36    0 

0.5235O 

~iS 

io,4765o 

9.54915 

20 

10.4S085 

i>  02565 

9,97435  3„ 

3i 

23   52 

36    8 

52385 

47615 

54955 

45)^5 

02570 

97430  29 
97426  28 

3s 

33  44 

M  16 

5=42. 

'9 

47579 

^Si 

45oo5 

02574 

33 

23  36 

36  24 

52456 

47544 

44955 

02579 

97421   =7 

34 
35 

23   28 

36  32 

53492 

47508 

55075 

23 

23 

449=5 

02583 

97417  '5 

9=3  20^ 

2  36  40 

9,52527 

! 0.47473 

9,55.15 

10.44885 

,0  025Bd 

J. 97412  25 

36 

23    12 

36  48 

52563 

47437 

55i55 

=4 

44845 

02592 

97408  24 

37 

23    4 

36  56 

IIS 

47402 

SSioS 
55s35 

25 

448o5 

02597 

974o3  23 

36 

22    56 

37    4 

23 

47366 

25 

44  65 

02601 

9739922 

39 
40 

22  48 

37  li 

52669 

=3 

4733. 

55275 

26 

447=5 

O260f 

97394  =T 

922  40 

2  37  20 

9.52705 

24 

"■» 

9.553.5 

27 

10,44685 

lu     2610 

9738.   .6 

4' 

3728 

52740 

24 

55355 

27 

44645 

026.5 

45 

22    24 

37  36 

52775 

25 

472^5 

SSSgS 
5S434 

28 

445o5 

oa6.o 

43 

22    16 

3744 

5281. 

26 

471S9 

29 

44566 

02624 

97376  .7 

44 
45 

22      8 

3752 

52846 

■26 

47154 

55474 

29 

44526 

02628 

97372    .6 

9   22      0 

2  38    0 

9,52(i3i 

27 

.0.471.9 

3o 

10.44486 

10  02633 

" 

9.97367   i5 

46 

21    52 

38    8 

529,6 

27 

47084 

'5555. 

■3i 

44446 

02687 

97363  ,4 

47 

21  44 

52951 

28 

47049 

55593 
55633 

3i 

44407 

02643 

97358  i3 

21  36 

38  24 

62986 

29 

47014 

32 

44367 

OP647 

97353    12 

So 

21    28 

38  32 

53o2i 

29 

46979 

55673 

33 

44327 

o'.65i 

97349  ■■ 

9    21    20 

2  38  40 

9,53o56 

3o 

10.46944 

9,S57i2 

33 

10,44288 

10  02656 

9  97344  10 

5i 

38  48 

^53092 

3o 

46908 
46S74 

55752 

34 

44248 

02660 

97340  9 
97335    8 

53 

21     4 

38  56 

53126 

3i 

35 

44209 

D2b6S 

53 

20  56 

39    4 

53i6i 

32 

46839 

35 

44169 

02669 

9733:     7 

54 
55 

20  48 

39  ,2 

53196 

32 

46804 

55870 

36 

441 3o 

026  ' 

97336    6 

9  20  4o 

23920 

9, 5323 r 

33 

0.46769 

9,559.0 

37 

io,44->9< 
44X 

ij  o'.67S 

997322     5 

56 

20  3j 

3928 

53266 

33 

46734 

5S949 

37 

02683 

97317    4 

57 

3936 

533oi 

34 

46699 

55^89 

38 

4401. 

02688 

973.2    3 

58 

20  16 

3944 

53336 

34 

46564 

5liM 

39 

43972 

97308    2 

59 

20    8 

3952 

53370 

35 

56067 

39 

43933 

02697 

973o3     t 

60 

M 

4o    0 

534o5 

36 

46595 

56107 

4o 

97299    0 

Hn.,rl>.M. 

HourA.ii. 

Cosine, 

DijT, 

SecBiil. 

ColBiigant 

Dlff, 

Tangent. 

Cosecant. 

DiS 

Sine,       M 

Seconds  at  tim 

>■ 

2' 

3' 

■4= 

5» 

25 

3 

6' 

7" 

Prop,  parte  of 

olB, 

{! 

4, 

s 

9 

i3 

iS 

'7 
3o 
3 

3i 
35 

4 

i.Google 


TABLE   XXVIl. 

[Paee  SB 

^ 

'^'-                                   Log.  Sines,  Tangents,  and  Secants. 

G'.\ 

20°                                 A                 A              B                   B 

C                   C     159°| 

M   H 

H 

Sim. 

pifr 

Cosecam 

Taas«„L 

Diff 

Cotengtn 

SecMt.  iDlff 

Cosine, 

M 

o    9 

0.5340 

io.465o5 
46560 

9.56107 

10-43803 

10-0270 

9.97299 

95 

4 

5344 

56i46 

43854 

02706 

97294 
97289 

5         9 

4 

5347 

46525 

56(85 

438 1 5 

0=7. 

3          5S6 

5350. 

46491 
46456 

56224 

43776 

027.5 

97285 

7 

4          9    8 

4    3 

5354 

2 

56=6; 

3 

4373b 

97280 

6 

S    9    9 

9,535j 

~3 

[0.46423 

9, 56303 

~~3 

-a 

10.02714 

9,97=76 

5 

6          9 

4    4 

536 1 

3 

46387 

56342 

4 

0=729 

97271 

4 

7        y   4 

4     j€ 

5364 

4 

46353 

5638 

4 

436.9 

0278; 

97266 

3 

8         8  5 

4 

5368 

5 

463 18 

56420 

5 

43580 

02738 

9726= 

9         8    8 

4 

5371 

5 

46284 

6 

43541 

02743 

97=57 

I 

JO    9    34 

4 

9.5375 

~6 

10.46249 

^Msf 

~6 

.0-43502 

10-02748 

9.97252 

4     a 

5378 

6 

43463 

02752 

97241 

I 

4    3e 

538 1 

.46181 

55576 

8 

43424 

02757 

97=43 

(3          8    6 

4    4 

5385 

7 

46 1 46 

566i5 

8 

43385 

0=762 

97238  A 

i4          8    8 

5 

5388 

8 

46112 

56554 

-9 

43346 

0=766 

97^34  4 

6 

'^.    ^    K 

4 

9.M92 

8 

10.46078 

'■i?g 

10.43307 

9.972=9  4 

5 

16          7  5 

4     8 

5395 

9 

46o43 

43268 

02776 

97224  A 

4 

17             44 

4      f 

5399 

46009 

56771 

43=29 

02780 

97220 

3 

l8          73 

4 

54S2 

45975 

56810 

43  X 

02785 

97=. 5  4 

.9               8 

4    3 

54o5 

45^, 

56849 

02790 

-^ 

972!0  4 

)o     9 

4 

9.5409, 

.0.45907 

9.56887 

TF 

?M3n3 

10.02794 

9.97206  . 

4    48 

^54ir 

45873 

56926 

i3 

43074 

02799 

97201  i 

I 

22          7    4 

4      6 

54(6 

45839 
45805 

.56965 

U 

43o35 

028^ 

97196  3 

23 

3    4 

54.9 

i3 

57604 

i5 

t$ 

02808 

97192  ^ 

34          6  48 

4 

54=2 

i4 

45771 

5704= 

i5 

02813 

97.873 

6 

25    9    6 

43 

9.54=6 

10.45737 

9.57081 

16 

"IK 

9-97182  3 

5 

26             3 

43    8 

niv 

i5 

45703 

57.20 

'7 

0282  a 

97.78  3 

4 

27          6    4 

4    36 

i5 

45669 

57.58 

17 

42842 

02827 

2 

97173  3 

3 

iS 

43  4 

54365 

16 

45635 

57.97 

.8 

4=So3 

02832 

97.68  3 

.9          6    8 

43  5 

54399 

16 

456oi 

572I5 

>9 

4=765 

02837 

97.63  3 

3o    9    6 

4 

9.54433 

17 

.0.45567 

9.57274 

'9 

10.4=726 

IO.D284. 

9.97.59  3 

3i           5  5 

44    8 

54466 

17 

45534 

573.2 

42688 

02846 

2 

97.54  2 

I 

32                     «u 

44  .6 

545d>a 

IB 

45500 

5735  r 

42649 

0285 1 

97149  2 

33        ,5  36 

44  24 

54534 

'9 

45466 

57389 
57428 

426U 

02855 

3 

97145  2 

34        !5  28 

44  32 

54567 

45433 

22 

42572 

02860 

3 

97.40  2 

6 

35    9  i5  20 

2  44  4o 

9.5460 

•'■& 

9-57466 

.0-42534 

.0.03865 

~ 

9.97135  2 

5 

36        i5  13 

44  48 

54635 

57504 

23 

42496 
42457 

02870 

3 

97i3o  2 

4 

37          5 

44  56 

5  668 

45332 

57543 

24 

0=874 

3 

971=6  2 

3 

38          4  56 

45    4 

5 

45298 
45265 

57581 

24 

42419 

0=879 

3 

97.21  2 

39             48 

5 

5    35 

~ 

57619 

25 

4=38. 

02884 

3 

9;..6  2 

40    9       4 

5 

95469 

io.4523[ 

9.57658 

26 

.0.4234= 

.0.028S9 

~ 

9.97111  = 

4>            3 

45    8 

54 

3 

lis 

57696 
57734 

=6 

4=304 

0289^ 

3 

97107  I 

9 

42         4    4 

45  3b 

548  6 

=7 

42266 

0=893 

3 

97102  1 

S 

43         4 

4544 

54869 

4 

45i3i 

57772 

28 

029^3 

3 

97097  1 

44         4    8 

45  5 

54^3 

5 

45097 

578.0 

4"^ 

02S>8 

3 

97092  1 

6 

4S    9    4 

4 

9593 

— 

io.45o64 

9.57849 

"^ 

10-42.51 

10.029:3 

— 

9.97087  < 

5 

46           3  5 

46    8 

54969 

45o3. 

57887 

3o 

42113 

02917 

97083  . 

i 

il           3      * 

46    5 

55So3 

&, 

57925 

3o 

42075 

03922 

97078  I 

3 

48          3  36 

46    4 

55o36 

7 

57963 

3i 

4=037 

02927 

97073  . 

49          3    8 

46  3 

55069 

8 

44931 

585oi 

3i 

4.999 

02932 

97068  . 

5o    9    3 

9     5 

8 

10.44698 
44854 

9.58039 

-3? 

10.4196. 

.0.02937 

9.97063  I 

5i          3 

6  48 

55  3 

9 

58077 

33 

41685 

02941 

97059 

I 

5.          3    4 

46     S 

■^5  69 

9 

44831 

58ii5 

33 

02^6 

97054 

53               6 

47 

55 

3 

44798 
44765 

58i53 

34 

4 1847 

0295, 

97049 

54               ■! 

47 

5  35 

3 

35 

41809 

02^56 

_iz^- 

55    9        4 

47 

;     5  68 

~ 

10.4473= 

9-582=9 

15 

10-4.77. 

> .97039 

56             3 

47    3 

553 

3 

f^t 

5826? 

36 

41733 

'"02^5 

^o35 

^Z               ^ 

4    3 

55334 

3 

583o4 

37 

4.696 
4i658 

02970 

97o3o 

58                 b 

47  44 

5  367 

33 

44633 

58341 

37 

02975 

5 

97025 

59 

5 

5  400 

3 

44600 

38 

41620 

02980 

970=0 

6(1 
M   [ 

5  33 

3 

Dir 

44567 

584i8 

39 

4i582 

02985 

5 

97015 

■i 

Secant. 

Colaiigeni 

Ditr, 

Tangent. 

CosecaaLiDiff. 

Sine,       IV 

J 

!■ 

2' 

3* 

4" 

5' 

6- 

7- 

Prop,  parts  of 

ola- 

{■ 

4 

5 

i 

i3 

i4 

'9 

24 
3 

25 

29 
4 

30 
34 
4 

lOogle 


r^^m                                       TABLE   XXVII. 

■*'■                                  Log.  Sines,  Tangents,  and  Secants.                                  *"' 
31"                                A                A             B                  B             C                 C    158° 

W 

4 

^ 

i4 
i5 
i6 

\l 
n 

23 

i4 

36 

a8 

3i) 
3i 

33 

33 

34 
35 
35 
37 
38 
39 
40 
4i 

% 

a 
45 

46 

47 

49 
55 
5. 

5j 
53 
54 
55 

5a 

5? 
58 

S 

M 

IIiniiA.]« 

Hourp.« 

Sine. 

Oiff 

Coscoanl. 

Tangenl. 

Diff. 

Cotangent 

Sei-ant, 

IHff 

Cosine. 

M 
tio 
59 
58 
57 
56 
55 
54 
53 

52 

5i 
49 

47 
46 
45 
M 
43 
42 
41 

u  44 
II  3i 

s  48    0 
■43     8 
48  16 
48  j4 
48  3s 

5546S 

MS 

55564 

I 

10.44567 
44534 
4450I 

44468 
44436 

0.584.8 
58455 

Hit 

58569 

4 
4 
5 
6 

io.4i58a 
41 545 
4.507 
4.469 
4.431 

.0,02985 
0399( 
02995 

1 

9.97015 
97010 
97005 
9700. 
96996 

96971 

II    . 
10  56 
10  48 

S48  40 
48  48 
48  56 

55663 
55695 
55726 

3 
4 

4 
5 

IO.44403 
44370 
44337 
443o5 
4427a 

58644 
5868. 
53719 
5875? 

10.4.394 
4.356 
4.3,9 

4.243 

'o3o.; 
o3oi9 

0302. 

10  a4 
10  If 

=  4920 
49  28 

49  36 
4944 
4953 

9.55761 

55858 
55891 

5 
6 
6 

10.44239 
44207 
44<74 
44142 
44109 

9.58794 
58832 
58869 
58907 
58944 

9 

.0.41206 
4ii68 
4ii3i 

4.093 
4io56 

io.o3o34 
o3o38 
o3o43 
o3o48 
o3o53 

i 

9.9696S 
96962 
9^957 
96952 
96947 

a  50    0 
5o    8 
5o  16 
5o  34 
5o3= 

9.55923 

'  55956 

5598S 

56^1 

56o53 

9 
9 

10.44077 
44044 
4401  a 
43979 
439<i7 

9.5893, 
5^56 
5^^. 

9 

'4098, 
40944 
40906 
40669 

o3o63 
o3o68 
o3o73 
08078 

I 

9.50942 
96937 
96982 
96927 
96922 

9  9  20 
9  li 

8  48 

2  5o  4o 
5o  48 
5o  56 
5i    4 
5i  la 

56i5o 
56182 
56ai5 

\l 

'"■43^82 
43850 
438i8 
43785 

9.59168 
59205 
59243 
50280 
59317 

14 
14 
i5 

io.4o833 
40705 
40757 
40720 
4o683 

o3oS8 
08093 

I 

9.969.7 
96912 
969^ 

40 

37 
36 
35 
34 
33 
3a 
3i 
3o 

'i 

26 
24 

23 

i 

i5 
i4 
i3 

'l 

6 
5 
4 
3 

'ia 

8  if 
8     B 

=  5i  .0 

Jl    28 

5i  36 
5i  44 
5i  52 

9.56247 

^56279 

563.; 

56343 

56375 

14 

i4 

i5 
16 

10.43753 
43721 
43689 
43657 
43625 

9.59354 
59391 

59503 

i5 
16 

18 
19 
19 

23 

a3 
24 

io.4o646 
40609 

4o534 
40497 

io.o3i07 
o3iia 
08117 

03i32 

\ 

96883 
96873 

7  44 
7  3f 

5a    8 
52  16 
5a  a4 
52  3s 

9.56408 
56440 

56473 
565o4 
56536 

16 

16 
19 

'9 

.0.43592 
43560 
43528 
43496 
43464 

9.S,Mo 

556,4 
5565. 

10.40460 
40423 
4o386 
4o349 
403 1 2 

io.o3i32 
o3i37 
o3i4a 
o3i47 
o3i53 

3 
3 
3 
3 

^"96863 

96858 
96853 
96848 

9    7  =" 
7  '^ 

6  5f 
6  48 

a  5a  4<> 
52  48 

52  56 

53  4 
5J  12 

0.56568 

S 

56663 
56695 

10.43432 
434oi 
43369 

433o5 

9.597.5 
59,6. 

IS? 

598,. 

'°I3 

4oi65 
40128 

o3i63 
o3i67 

o3i77 

3 
3 
3 
3 

9.96843 
66838 
96833 
96828 
96B23 

9    6  40 
6  3i 
6  M 
6  16 
6    8 

2  53  20 
53  =8 
53  36 
53  44 
53  5a 

9.56737 
56759 
56790 
5682a 
56854 

23 

24 

10.43278 
43241 
43a  10 
43178 
43i46 

9.59909 
6oo5( 

35 
25 

26 
27 

"'■4^^4 
40017 
39981 
39944 

io.o3i82 
03187 
03192 

olS 

3 

3 

4 
4 

IS 

9    6    0 

5  5= 
544 
5  36 
5  aS 

2  54    0 
54    8 
54  16 
54  24 
54  3a 

9.56886 

^569,7 

56949 

56986 

57012 

24 

25 
25 

26 
26 

'431^3 
43o5i 
43o2o 
42988 

'■3 

eoist 
60240 

28 

It 
3o 

39834 

io.o3a07 

032I3 

08217 

03223 

03228 

4 
4 
4 
4 
4 

96783 
96778 
96772 

4  56 
4« 

25440 
54  48 

54  56 

55  4 
55  12 

9.57044 
57075 

US 

57169 

27 

27 

28 

a8 
29 

10.42956 
42025 
42693 
42862 
4283i 

9.60276 

6o3.3 
60349 
6o386 

5o422 

3. 
3. 

33 

33 
33 

39651 
39614 
39578 

o3238 
o3243 
08248 
o3253 

4 
4 
4 
4 
4 

9^.96767 

96757 
96752 
96747 

4    8 
4    0 

2  55  so 
55  a8 
55  36 
5544 

55  5a 

56  0 

9.5720. 

57a3a 
57a64 
57295 
57326 
57358 

3^ 
3o 
3. 
3a 

32 

42736 
42705 
42674 
42642 

6o532 
6o568 
6o6o5 
6064 1 

34 
35 
35 
36 
36 
37 

.0.39541 
39505 
39468 
39432 

Its 

10.9325s 
o3263 
o3a63 
03273 
08278 
o3283 

5 
5 
5 
5 
5 

9.96742 
96787 
96732 
96737 

9672= 
96717 

HoutP.H 

Honri.M. 

CoBlne. 

Secant. 

Colangen 

Difr, 

Tangent. 

Co.eeanf 

Uiff 

Seconds  of  time 

!•     9' 

3-     4-     5- 

6" 

7' 

(A 
Prop,  parta  of  cols.  '.  B 

(c 

4  8 

5  9 

t    1    t 

12     16     20 
i4     19     =3 

a   1    J    1   3 

34 
28 
4 

32 

4 

lOogle 


TABLE   XXVU. 

[V^S.W 

S'. 

Log.  Sines,  Tuiigents,  and  Secants. 

G<. 

M  HoirAii 

Ho  IFF  H 

Sine. 

Diff 

Coseoanl. 

Tiuigenl. 

Diir. 

Cotangent 

Secant. 

DIff. 

Cosine. 

M 
6n 

9  5735! 

ro.4a64s 

9.60641 

10.39359 

5b  a 

5738< 

4261. 

6067: 

o328< 

96711 

5             3  m 

56  ifi 

■   4a58c 

607I! 

3           3  ^6 

56  24 

5745: 

4a549 
425iS 

o3a99 

a           3  aB 

50  35 

5748a 

39214 

Wto96 

55 

593  = 

2  56  4c 

9  575 1. 

.1 

10.42486 

9.608a; 

10.39177 

10.03309 

'■'^. 

5(1  ^8 

■■t 

4a45= 

60895 

4 

o33n 

3    J 

4 

4-iiii 

4 

39105 

o33i( 

'^■^ 

4 

Z^ 

^1 

9           =4S 

'^ 

96670 

bi 

5n 

lU      9      2   ^0 

•.  5?  •> 

957669 

10.4^331 

'"f^ 

10.03335 

9.96665 

Sy  ?8 

4a3oi; 

o334< 

% 

57  3e 

42236 

0334: 

1-  44 

5776: 

A-i 

14           ■>     6 

5752 

7 

42207 

6rr48 

8 

3S852 

03355 

96645 

AO 

a  58    0 

8 

10.42176 

9.6n8; 

io.o336o 

58    a 

57855 

P(i6:« 

[7          I  4; 

5788; 

58  "4 

57916 

4no6a 

6129; 

38708 

03376 

42 

19          1  sR 

=  8    12 

57947 

42053 

II 

38672 

o338i 

2 

96619 

41 

10.42022 

9.61 36i 

J.96614 

58  48 

6i4o< 

386oo 

0339; 

58  56 

58  39 

38564 

0339^ 

96603 

=3             St 

59    4 

41930 

61 4r 

14 

96598 

37 

24                    8 

59 

41699 

14 

3849a 

o34o7 

2 

96^3 

36 

a5    9 

59 

9  58  3 

'°'i\fi 

9.6154! 

iS 

.0.O34J2 

;. 96588 

35 

59    8 

3 

aWil 

i5 

38421 

o34i8 

34 

58  9 

4 

16 

38385 

o34a; 

96577 

.^3 

a 

M 

=9               8 

59  s 

58  53 

5 

41747 

17 

03433 

96567 

3. 
3^ 

3o    9 

3 

9    8  84 

5 

.0.41716 

9.61721 

,o.o343t 

3 

J.96562 

3 

3,        -ij 

58  45 

6 

4i655 

61704 

6i83o 

19 

38206 

03449 

96551 

33        5q  31 

58375 

41625 

38170 

34        5^    b 

3 

4.594 

_20 

o343< 

96541 

a5 

3        4 

n  5843^ 

10.41564 

9.61901 

'38064 

9.96535 

41 533 

o347t 

24 

37        51    . 

4)5o3 

61971 

3Soa8 

96525 

A 

%% 

o348o 

39      -ia  48 

58557 

41443 

o3486 

— 

4o     8     8  4 

o5a5« 

10.41412 

9.6ao7< 

a4 

10.37921 

10.03491 

9.96509 

'.M 

37886 

0349I 

4 

3 

586  f 

41 352 

o35o; 

4 

96408 

43        V    6 

44 

SSD  ! 

4l322 

37S15 

o3507 

4 

t& 

44        58    8 

7  ; 

4-291 

37779 

4 

T5 

3 

.  5h  3n 

io.o35i7 

4 

a 

fi87hO 

.1 

4i23i 

6239; 

035^; 

4 

96477 

iA 

e 

4 

41201 

37673 

o35a( 

4 

96472 

4 

4 

41171 

4 

49        57    8 

3 

885; 

5 

4ii4i 

62398 

29 

3760a 

03539 

4 

96461 

To 

5o    8  57 

3 

5 

10.41111 

9.Q243: 

3o 

4 

9.96456 

3753a 

o354i 

4 

t 

53             7     I 

n 

4io5i 

sz 

53        56  ■!( 

3    4 

4i021 

6a53< 

o356o 

S 

96440 

54         6  48 

59U  9 

40991 

6257- 

3j 

37426 

o3565 

b 

96435 

6 

10.03571 

'1 

5<«,6, 

5<y^^ 

40903 
40871 

62681 

37320 

59         S    f. 

3  5 

6275. 

.H)> 

37280 

0359; 

S 

9640a 

4 

78B 

1 

4081  a 

62785 

36 

37215 

03597 

5 

96403 

M 

M  li 

H 

DfT 

Secant. 

Coi.,6«n 

DifT 

Tangent. 

Cosecant 

Dili- 

Sine. 

Page  2')8] 

TABLE   XXVn. 

S'. 

Log.  Sines,  Tangents,  and  Secants, 

G'. 

93° 

A 

A               B 

B 

C                   C    150° 

M 

HOUIA.K 

Bourp.l>I 

Sine. 

Diff 

Cosecanl 

TangeiiL 

as 

ColangBii 

SecaDl. 

Diff 

Cosine, 

M 

60 

8  56 

3    4 

9.59,8 

10.408.2 

5.6278 

,0.372,5 

10.03597 

9.96403 

55  5 

4 

592. 

40782 

6282 

37180 

o36o3 

96397 

59 

55  4 

4  I 

5924 

40753 

6285 

S7T45 

o36o8 

a 

58 

3 

55  3 

42 

5917 

40723 

6289c 

371,0 

o36,3 

5? 

4 

"5 

55  2 

43 

593b 

2 

40693 

6292 

2 

37074 

o36.9 

0 

^381 

56 
55 

8  55  2 

3    4Ac 

9.5933f 

10.40664 

9.6396 

3 

.0.37039 

,0.03624 

9,96376 

6 

55  I 

44 

5936e 

3 

4o634 

S 

3 

37004 

o363o 

96370 

54 

55 

4  5{ 

5939 

3 

4o6b4 

4 

3696; 

03635 

96365 

53 

8 

54  5 

5 

594^ 

4 

40575 

63o6 

5 

o364o 

96360 

52 

J 

54  4 

5  1 

5945 

' 

4o545 

63 10 

5 

03646 

96354 

5i 
55 

8  54  4 

3    5  2 

9.5948 

5 

10.405.6 

9.63,3 

6 

10. 0365 

9.96349 

54  3 

5  s 

'595, 

5 

40486 

63,7 

'36830 

03657 

'^343 

'i 

54  = 

5  3 

5954 

6 

40457 

6320 

7 

36795 
36760 

03662 

96338 

i3 

54  I 

544 

5957 

6 

40427 

6324c 

7 

03667 

96333 

47 

i5 

54 

5  5 

59&. 

4b398 

6327 

8 

36725 

03673 

96827 

46 
45 

8-54 

3    6    c 

9.5963 

~~7 

10.40363 

9.633IC 

9 

lb. 36690 
36655 

10.03678 

9.96322 

16 

53  5 

6    e 

5966 

8 

40339 

6334 

9 

03684 

663.6 

44 

17 

53  d' 

6  !6 

5969c 

4o3,o 

63379 

3662, 

03689 

9631. 

43 

i8 

53  3( 

6  24 

5972c 

9 

40280 

634,4 

36586 

ofoi 

963o5 

42 

12 

53  2 

6  3 

59749 

9 

4025  r 

63449 

3655, 

96300 

4' 
4o 

8  53  2 

3    6  4o 

9.59778 

9-63484 

ib.365i6 

10.03706 

%tg 

53  1 

59808 

4oi63 

635i9 
63555 

3648. 

0371, 

53 

e  56 

59837 

i3 

36447 

03716 

W4 

=3 

52  5 

7    4 

59866 

401 34 

635B8 

,3 

364.2 

03722 

96278 

37 

j4 
i5 

5s  4 

7    IS 

59S95 

4oio5 

63623 

i4 

36377 

03727 

96273 

36 
35 

8  52  4 

3    7=0 

9,59924 

[o. 40076 

9-63657 

,4 

lb. 36343 

.o.b3733 

9.96367 

sd 

5i  3 

7   28 

59954 

i3 

4oo46 

63692 

,5 

363o8 

08738 

b6262 

34 

5l    2 

7  36 

59933 

!3 

40017 

63726 

16 

36274 

03744 

96256 

33 

!S 

5i  I 

744 

60012 

■4 

399S8 

6376, 

16 

36239 

03749 
03755 

3 

9625, 

32 

i? 

J2 

7    52 

6004  ] 

14 
i5 

35^9 

63796 

36ao3 

3 

96545 

3i 
3; 

8  5      c 

3    8    0 

9,6007b 

10.39930 

9.63830 

10.36,70 

10.03760 

1~ 

9.96240 

3i 

5i  5 

8    8 

i5 

^9^^ 

63865 

,8 

36.35 

03766 

3 

^234 

It 

32 

5i  a^ 

601 2f 

i5 

63899 

36,0, 

08771 

3 

96229 

33 

5i  36 

8  =4 

60157 

16 

39843 

63954 

'9 

36o66 

08777 

3 

96223 

a? 

3( 
35 

5i  =8 

8  32 

.i6 

39814 

63968 

36o3a 

03782 

3 

9621S 

26 

25 

8  ai  2( 

3    8  40 

9.Gb2i5 

17 

10.39785 

9.64003 

-IIS 

10.03788 

~T 

9,96212 

36 

5l     12 

8  48 

6oa44 

39756 

64o37 

03793 

3 

96207 

24 

3 

5.     4 

8  56 

60273 

39727 

64072 

IS 

03799 

3 

96201 

23 

3B 

5j  5b 
5o  aS 

9    4 

6o3o2 
6o33i 

18 

^g 

64100 
54i4o 

22 

o38o4 
o38,o 

3 
4 

96,96 
96,90 

i 

^    "^11 

'■Si 

19 

10.39641 

9.64,75 

^ 

10.35825 

,o.o38i5 

4 

9,96,35 

5o  32 

396,2 

64209 

24 

3579, 

0382I 

4  ;    96,79 

i 

i-> 

5       2J 

9  3f 

60417 

39583 

64243 

24 

35757 

o3826 

4 

96.74 

43 

;  44 

60446 

39554 

64278 

25 

35722 

o3832 

4 

96,68 

7 

5      8 

952 

60474 

21 

3^526 

64312 

25 

35688 

o383fi 

4 
4 

96,62 

.6 
75 

8  5o    o 

9.6o5o3 

-inu 

9.64346 

"16 

.0. 35654 

.O.03843 

9.9fii57 

46 

49  52 

6o53j 

6438. 

26 

356,9 
35585 

03649 

4 

96,5. 

14 

4i 

49  44 

10  (6 

6o56i 

23 

39439 

644,5 

27 

03854 

4 

96,46 

i3 

43 

49  3b 

ID  54 

60589 

23 

35;.; 

64449 
64483 

28 

3555, 

o386o 

4 

96,4b 

49 

5d 

49    28 

10  32 

606  J 

s4 

3938a 

355,7 

03865 

4 

96,35 

To 

8  49  = 

3    13    A) 

9.60646 

24 

.0.39354 

9.645.7 

29 

0. 35483 

10. 03871 

5 

9,96139 

5i 

49  li 

10  48 

60675 

=5 

3,3=5 

64552 

29 

35448 

08877 

5 

96.2I 

t 

52 

-f? 

10  56 

60704 

25 

%t 

64586 

3o 

354.4 

o3B82 

5 

96118 

51 

4S  5fi 

IT      4 

60735 

tb 

64620 

3i 

35380 

03B88 

5 

961,2 

7 

54 

55 

48  4S 

6076, 

26 

3,.39 

64654 

3, 

35346 

03S93 

5 

96107 

6 
5 

fa    i|8  4" 

?  11  10 

9.6.789 

27 

,0.39,,, 

9.64688 

32 

■053^ 

10.03899 
03905 

5 

9.96.0, 

56 

ir  28 

608(8 

3918a 

64722 

32 

35278 

5 

"^  96095 

4 

5t 

48  =-■ 

11   W 

6oS46 

39,54 

64756 

33 

3^5244 

039.0 

5 

96090 

3 

58 

48  lb 

11  44 

60875 

28 

3$,  .5 

64790 

33 

352, b 

03916 

5 

96084 

"9 

48    8 

,1   52 

60903 

29 

im,  asi 

34 

35176 

o3.,2i 

5 

& 

4b    0 

6093. 

29 

35 

35,42 

039=7 

6 

M 

Ho  rr  n 

Coaiiie, 

Dm: 

SecaW.    Colangeiil 

D|1K 

Tai.gen,. 

Coaecanl. 

Diir, 

Sine, 

Seconds  of  time 

1' 

2' 

3' 

4. 

5- 

6- 

7- 

(A 

Prop,  parts  of  cols.  <  B 

Ic 

4 
4 

7 

9 

i3 

i5 
3 

,8 
3 

26 
4 

)5 
3, 
5 

lOogle 


TABLE    XXVTI.                                        iP^^^^ws 
■^''                                   Log.  Sinea,  Tangents,  and  Secants.                                   "'■ 
24°                                    A                   A               B                    B              C                   C     155' 

M 

3 
4 
5 
6 

'. 

_? 
i3 

s3 

i 

3i 
35 
33 
34 
35 
36 

37 

38 
39 
4o 
4i 
4-1 
43 
44 
45 
4fi 

S 

49 
5o 
5i 
5= 
53 
54 
55 
56 
57 

1 

M 

II.H>rA.nT. 

Hour  P.M. 

Sme.    Diff. 

Cosecant. 

TaiisenL 

Diff 

Coliingcnl 

Secant. 

DiiT.  Cosine. 

M 

60 

s 

55 
54 
53 

52 

5. 
55 

it 

47 

46 
45 
44 
43 
42 
4. 
40 

37 
36 
35 
34 
33 

32 

3i 

3S 

23 

;i 
\i 

i5 
.4 
,3 

1 

.6 

5 
4 
3 

3  48    o 
47  5= 
47  44 
47  3f 

47  =8 

3    12     0 

r2     8 
la   16 
la  24 

.2   32 

9.60931 
60960 

6ioi( 
61045 

,0.39069 
39040 

3I984 
38955 

9-64858 
64892 
64926 
64960 
64994 

3 

4 
4 

5 

.0.35.42 
35,08 
35074 
35o4o 
35oo6 

.0.03927 
03933 
03938 

I 

9.96073 
96067 
96062 

§f 
96060 

3  4?  20 
47  I' 
47    4 
46  56 
46  48 

3  .2  40 
12  48 
12  56 
i3    4 
■  3  12 

9.6,073 
61101 
61129 
6ii5S 
6n86 

3 
3 
4 
4 
5 
5 
6 
6 
6 

'"■388^ 
3887T 
38842 
388,4 

9.65osB 
65o62 

S 

65.64 

.0.3497a 
34938 

io.o3o55 
08961 

08972 

; 

9.96045 
96039 

96022 

8  46  4o 
46  32 
46  M 

46  i6 
46    8 

3  i3  20 
i3  28 
i3  36 
13  44 

i3  52 

9.61214 
61242 
61270 
6(298 
6.326 

10.38786 
38758 
38730 
38702 
38674 

9.65197 
6523. 
65a65 

0 
7 

!o.348o3 
34769 
34735 
34701 
34667 

.0.03983 

o4ooo 
04006 

■ 

r 

9.960.7 
960,, 
96Q05 

95994 

8  46    0 
45  5:1 
45  44 
45  36 
45  23 

3,4    0 
14    8 
i4  16 
14  24 
14  32 

9.61354 
■61382 
6.4.1 
6.436 
6.466 

7 

I 

9 
9 

.3 
.3 
.4 
.4 
.5 
.5 
,6 
16- 

,0.38646 
386,8 
38589 
38562 
38534 

9.65366 
65400 
65434 
65467 
6550. 

9 
9 

.0.34634 
34600 
34566 
34533 
34499 

.0.040.2 
04018 
04023 
04029 
o4o35 

I 

9.95988 
95982 
95977 
95971 
.55965 

3  45  2o 
45  la 
■45    4 
44  56 

44  48 

3  14  40 
i4  48 
14  56 

i5    4 

,5     [2 

9.6.494 
6i5ii 
6i55o 
6.578 
6.606 

,0.385o6 
36478 
384^0 
38422 
38394 

0.65535 
6556S 
65602 
65636 
65669 

I3 
.3 
14 
i5 
,5 
.6 
.6 

34432 
34398 
34364 
3433. 

io.o4o4o 
o4o46 

o4o52 

o4o58 
o4o63 

I 

9.95960 
95954 
95948 
95942 
95937 

8  44  4a 
44  32 
44  H 
44  ifi 
44    8 

3  i5  io 
i5  28 
i5  36 

i5  44 
l5  55 

9.61634 
6.662 
61689 
61717 
61745 

.0.38366 
38338 
383  n 
38283 
3825i 

0.65703 
65736 
6577° 
658o3 
65837 

10.34297 
34264 
34230 
34.97 
34i63 

10.040691 
04075 
04080 
o4o86 
04092 

3 
3 
3 

9,9593. 
95925 
95920 
959^4 

8  44    0 

43  52 

43  44 
43  36 
43  s8 

3  z6    0 

iS  16 

16  24 

16   32 

9-6,773 
61800 

6i85t 

38200 
38.72 
38.44 
38,  ,7 

9.65870 
65904 
65987 
6597' 
66004 

18 
18 

•9 

io.34i3o 
34096 
34o63 
34020 
33996 

10.04098 
o4.o3 

04.. f 
04.21 

3 
3 
3 
3 
3 

95879 

8  43  20 
43  11 
43    4 
43  56 
4248 

3   iS  40 
16  48 

16  56 

17  4 

3   17  20 
17  28 
.7  36 
1744 
1755 

9.6.9,. 
6I99! 

6S02. 

38o6i 
38o34 
38oo6 
37979 

66,04 
66.38 
66.71 

i 

10.33962 
33829 

,0.04.27 
04,32 
04.38 
04.44 
o4i5o 

J 
3 
4 
4 
4 

9.9|73 

95862 
95856 
95850 

8  42  4o 
41  32 

4=  24 

4i  li 

62,04 
62.59 

>9 
19 

.0.3795, 
3?84? 

'66a3f 
66271 
663o4 
66337 

23 
23 

14 

25 

"W 

04.6, 
04.67 
04173 
04179 

4 
4 
4 
4 

4 

9.95844 

95827 
95821 

8  42    0 
4i  52 

18  16 
18  2i 

9.62186 
62214 
6224, 
62168 
62296 

23 

,0.378,4 
37786 
37759 
37732 
37704 

9.6687. 
664o4 
66437 
66470 
665o3 

25 

26 
26 

33563 
33530 
33497 

10.041 85 
04190 
04196 
04202 
o4aoS 

4 
4 

5 
5 

5 

9.958.5 
958,0 
95804 
95798 
95792 

4o  5t 
4o48 

3  .8  4o 
18  48 

18  56 

19  4 

9.62323 
62350 
6^377 

62405 
62432 

24 
24 

24 
25 

37623 
mi 

9.66537 
66570 
666o3 
66636 
66669 

i 

3o 

33430 
333sff 
33364 
3333, 

.0.042,4 
04220 

04325 

0433. 
04237 

5 
5 
5 
5 

9.95786 
95780 

8  4o  4o 
4o    0 

3  ,g^o 
19  28 
.9  36 
.944 

.9  52 

'■£S 

625i3 
6a54r 
62568 
62595 

26 
26 

27 

11 

.0.3754. 
375,4 
37487 
37459 
37432 
37405 

9.66702 
66735 
66768 
6680 ! 

■    66834 
66867 

3. 

32 

3j 
33 
33 

33=65 
33232 

33.33 

.0.04243 
04249 
04255 
04261 
04267 
0427  J 

5 
5 

6 
6 

9.95757 
9675, 
95745 

95728 

Hourp.M.irioufi.H. 

Cc5infi. 

Difl- 

Secant. 

Colaiigeu 

Difl 

Tansent. 

Cosecant,  piff 

Sine. 

iVl 

Soeondsoftime 

V 

2* 

3- 

4. 

5' 

6' 

?■ 

Prop,  parts  of  eols.<  B 

tc 

3 
4 

7 

,3 

.4 
17 
3 

17 
4 

21 

25 

4, 

»4 
29 

Google 


'■^S'^«"»]                                        TABLE   XXVII. 

^'-                                   Log.  Sines,  Tangents,  and  Sccanla. 

G'. 

B 

C                    C    154= 

M 

Houri.K. 

Hour  P. M. 

Sine, 

t)iff. 

CoEccanL 

Tiuigont 

DiS:. 

Cotangent 

Secant. 

IHff. 

Cosine. 

M 
6t> 

374o5 

10.331 33 

10.04272 

737a 

04278 

057=a 

^ 

735i 

6693; 

04284 

7397 

6699^ 

a 

33ooi 

04296 

0 

95704 

66 
55 

9.67032 

.1 

10.3.968 

0.95608 

7243 

67=^; 

o43o{ 

95692 

a 

4 

043 1^ 

56 

7189 

4 

32869 

q43s[ 

95680 

Ij 

38 

67163 

b 

3a837 

o43a6 

I 

95674 

5i 
5^ 

7,35 

5 

10.04332 

9.,5668 

41 

0434; 

95657 

7055 

67595 

33705 

0434. 

9565. 

41 

97 

70.8 

673S7 

32673 

I 

4b 
45 

9.67360 

8 

,0. 3=640 

io.o436i 

'■Ifi^ 

3o 

32607 

0436-; 

44 

0^ 

4' 

689^ 

6749 

10 

32bo9 

a 

41 
4o 

fl8&7 

I0.3M76 

10.04391 

0439: 

368m 

67589 

324)1 

o44o: 

95597 

5< 

678:; 

676a; 

3a37B 

:r<s 

95^5 

6761 

6765- 

j3 
[4 
14 

2 

35 
34 

b6 

fi734 
670a 

9.67687 

3aa3i 

io.o44ai 
04427 

3 

'■& 

? 

668 1 

tl 

0443; 

3 

.1.1 

36 

6655 

I*! 

322l5 

04439 
04445 

66s8 

67817 

lb 

32i83 

3o 

9* 

66os 

9.6785c 

io.o445i 

3 

).9W49 

6575 

0445- 

.■i 

■K 

34 

65ss 

679.5 

\l 

3ao85 
3ao53 

04463 
04469 
04475 

3 

9553; 

6496 

■    67980 

18 

3a03o 

2-5 

6469 

9.68012 

io.3[988 

10.04481 

4 

9.95519 
955i3 

6443 

68o4' 

3i95e 

o448: 

4 

21 

64.7 

6807: 

3i9s3 

0449: 

4 

5f 

a 

318^8 

o45oi 

4 

J9 

68t4a 

ai 

o45o6 

4 

95494 

art 

6338 

10.31826 

63ii 

68ao0 

fS 

045 1( 

4 

\t 

6385 

■>i 

0452; 

4 

44 

6a5o 
6a3! 

68271 

■7.1 

4 

44 

63 

— 

68303 

a4 

31697 

4 

95464 

il 

io.3i66j 

10.0454: 

6180 

68361 

iS 

3i632 

o454t 

Si54 

68400 

■>*! 

30 

6iaa 

6843s 

1(1 

3i56f 

o456o 

!• 

o544t 

^ 

6l(J2 

68465 

17 

3i535 

04566 

b 

7^ 

9-<M^- 

6o5o 

68529 

tK 

04585 

9542. 

t 

36o2a 

6856  r 

954  It 

5t 

6859: 

^5^^ 

a<^a 

29 

04597 

"5 

4 

Sn46 

9.6865f 

3n 

6 

■ih 

32  3= 

SI  sS 

64oSo 

■)S 

.1o 

04609 
04616 

?a 

^- 

3i  Si 

S7  36 

64io6 

^S 

isia 

687a: 

Hi  If 

a?  44 

64 1 3: 

6875, 

0462; 

^ 

3i    t 

ay  52 

64. 5S 

3584a 

3iau 

o46at 

6 

M 

32      O 

Ii.„r.,M. 

64iS4 
Cosine. 

s6 

358 16 

68818 

33 

31182 

04634 

0 

M 

Hour  !■  .HI 

Din 

SecaiiL 

Cotangcn 

Diir 

Tangent. 

Cosecant 

Diff.1   Sinfi. 

Seconds  of  time 

!■ 

S' 

3' 

4" 

5" 

24 
5 

H 

7" 

23 

28 

5 

Prop,  parts  of  cola 

3 

4 

I 

" 

.3 
16 
3 

17 
4 

lOogle 


TABLE   XXVIL                                         -'""s^^" 
^'-                                     Log.  Sines,  Tauffents,  and  Secants.                                   '^'• 
26"                                      A                    A               B                     B              C                    C    153° 

M 

3 
4 
"5 
6 

-2 

i3 
U 
i5 
i6 

;s 

'0 

[IourA.H. 

aourP.M. 

Sine. 

Diff. 

Coseeaut. 

Tangent. 

Diff. 

CotangenI 

Sacanl. 

Uiff. 

Cosine. 

M 

60 

H 

u 

55 
54 
53 

52 

5i 
5S 

% 
47 

46 

44 
43 

4,3 

4' 
4o 

37 

36 
35 
34 
33 

32 

3, 
3o 

11 

25 

24 

23 

,6 
75 
i4 

i3 

1 
I 
^ 
4 
3 

3i  5= 
3i  44 
3i  36 
3i  s8 

28     8 

28  16 
28  24 

s8  32 

9.64184 
642(o 
64236 
64262 
64288 

° 

I0.358J6 

is 

35738 
35712 

''68850 

689,4 
68946 

3 

'°'3m5^ 
3,118 
3 1086 
3io54 

;o. 04634 
o464o 
04646 
04652 
04659 

I 

9.95366 
95360 

& 

9534. 

8  3i  20 
3[  13 
3[     4 

3o  56 
3o48 

3  28  40 
28  48 

28  56 

29  4 
29  12 

9,643.3 
64339 
64365 
64391 

3 
3 
3 
4 

.0.355B7 
3566. 
35635 
35609 
35583 

9.68978 
69010 
69042 
69074 
69,06 

3 
3 

4 

5 

30926 
30694 

I0.O4665 
0467, 
04677 
o46S3 
04690 

; 

9.95335 

& 

8  30  40 
3o  32 
3oa4 
3o  16 
3o    8 

32920 
29  28 
2^36 

=9  44 
295= 

9.64442 
64468 
64494 
645t9 
64545 

4 
5 
5 
5 
6 

35532 
355i)6 
3548. 
35455 

9.6913B 
69170 
69202 
69234 
69266 

6 
6 

.0.30862 

30830 
30798 
30766 
30734 

10.04696 

o47oi 
047,4 
0472. 

95586 
95279 

39  5^ 
S944 

59  58 

3  30    0 
3o     8 
3o  16 
3o  24 
3o  32 

9.6457. 
64596 
64622 

mil 
64673 

8 

10.35429 
35404 
35378 
35353 
35327 

9.69298 

69361 
69393 
65425 

9 
9 

10.30702 
30671 
3o63o 
30607 
3o575 

10.04727 
04733 
04739 
04746 
04752 

,.95,73 
95567 
95261 
95254 
95248 

=3 
»4 

is 

36 

3o 
3i 
3s 
33 
3' 
35 

38 
39 
4o 
4 
4i 
43 
44 
45 
4G 
4? 
4e 
9 

5o 
5 

li 
53 
■14 

56 
9 

8=9  50 

39    13 

2^  56 
28  48 

3  3O40 
3o  48 
3o  56 
3[     4 
3(   12 

6480O 

9 
9 

IO.35302 
35276 
3525. 
35225 
35200 

9.69457 
S94B8 
69520 
69552 
69584 

,3 

,o.3o5i3 
3o5.2 
3o48o 
3o448 
3o4i6 

10.04758 
4  6 
04 

,.9524, 
? 

7 

8  28  40 
58  32 
38  =4 
98  i< 

3i  28 
3,  36 
3i  44 
3t  52 

9.64826 
6485, 
64877 
6490! 
64927 

r 

' 

10.35.74 
35.49 
351.3 
35098 
35073 

9.65615 

"^65647 

69679 

69710 

69742 

[J 
.4 
.4 

,5 
16 

18 
,8 
19 

3o353 
3o33i 
30290 
3o258 
,0.30226 
30195 
3oi63 
3o(32 
30,00 

18 

4 

i 

57  5:; 
=7  44 
27  31. 

3  32 

32 
32 

35o47 

35(122 

34997 
34971 
34946 

69S37 
6^ 

4 

27    i 
26  56 
26  48 

32  56 

33 

33 

3492  L 
34S96 
34870 

34845 
34820 

9.699J2 
69963 
69995 
70026 
70o58 

,o.3oo6B 
3oo37 
3ooo5 
29974 
29942 

86? 

5 
9 

36  3 
26  24 

16    8 

33 
33 
33 
33 

34795 
3477" 
34745 
347.9 
34694 

9.70089 
70121 
70.53 

23 
23 

298,6 
2^85 

„9° 
89 
90 

6 

3 
97 
90 

8  36    0 

25    52 

25  44 
25  36 
25   28 

34 
34 

3i 

34669 
34644 
346.9 
345o4 
3456; 

7o3o9 
70341 
70372 

34 
24 

35 
25 

26 

10.29753 
29722 

? 

A 

5o   , 
065 

35 
25 

24  48 

334 
34 

a 

35 

of 
5f 

34544 
345,9 
344?4 
34469 
34444 

9.70404 
7043^ 

s8 
28 

29471 

04954 
0496 

0497: 

5 
5 

6 
6 

95046 

& 

95027 

8  2440 
24  3 
24  24 
24    0 

24      0 

3  35 

3S 
35 
35 
35 
36 

56o 

34420 
34395 
34370 
34345 
34320 
34295 

70592 
70623 
70654 
7o6S5 

So 
3, 
3. 

32 

10.29440 
29408 

293.5 
293B3 

10.04981 
04986 
04993 

o5oi3 

6 
6 
6 
6 
6 
6 

9.95020 
95014 
95007 
95001 

1      . 

ecoiit. 

Colai,Keii 

Diff 

■J'a„ge„.. 

Cosccaj,! 

Diff 

Si„c. 

Sec 

ends  of  time 

r 

2- 

3" 

4. 

5' 

6' 

7' 

1 

(* 

3 

6 

10 

i3 

16 

10 

33 

1    fio 

1.  parts  of  CO 

is 

4 

I 

'2 

,6 
3 

4° 

24 

5 

38 

6 

Google 


" 

"''^'^J                                          TABLE   XXVII. 

S' 

Log.  Sines,  Tangents,  and  Secanls, 

O'. 

A                 A             B 

B 

C                 C   153° 

HourA.H 

Hoxirr.M 

Siue. 

Uiir 

CosecML. 

Taiigeni. 

Riff 

CoLaiigenl 

SecEinl. 

Diff 

Cosine.    M 

8  24    c 

3  36    0 

10.34295 

10,2928; 

9,94988  60 

94982   59 

=3  4. 

36  r( 

3424f 

o5o2; 

- 

23  3. 

o5o3i 

A 
"1 

a3  5: 

36  32 

34195 

7084 

~ 

29ii. 

o5o38 

94965  56 

8i3  2c 

0.65821 

1^  .^1-,, 

9.7087: 

io.o5o4- 

9.94956  55 

fi 

36  41 

6585: 

o5o5 

94943  53 

30  51 

3412; 

22    5 

37    , 

709a 

94936  55 

_? 

23    4S 

to927 

4 

34073 

70997 

94930  5i 

io.34o4f 

10.05077 

9,94923  5o 

22    3 

37    2( 

4 

3402/ 

2894i 

37  35 

a 

289  n 

22     ,1 

7 

28871 

^^9^1^ 

14 
7^ 

63o5o 

33950 

28847 

2 

822     0 

3  38    0 

0,rav>.' 

11 

10.33925 

9.7.18 

lo.oSioo 

'«f. 

lis 

33876 

2878; 

38   16 

6(^,2. 

94878  4; 

•r 

2!    3' 

6614 

05l2( 

9487.  4= 

1? 

21     28 

38  32 

7i3o8 

28692 

^  .la  Ao 

10.3380; 

10.28661 

.c..o5i42 

9.94858  4o 

38  4! 

71375 

9485=  3$ 

33  56 

285^ 

94845  38 

20    5' 

39    . 

71431 

2d 

20  48 

39,2 

66195 

33705 

71462 

28538 

o5i58 

3 

94832  36 

9.66319 

10.05.7. 

p. 94826  35 

20  3 

94819  34 
94813  33 

10  J, 

6636! 

33532 

=8445 

o5i8i 

,■* 

)^ 

20    ,1 

3944 

6639' 

336o8 

7.58t 

28414 

0519. 

94806  3'. 

!2 

3,52 

664i( 

33584 

716.7 

28383 

052Ol 

94799  3i 

340    0 

9.66441 

10.33559 

9.7164! 

i 

94780  28 

:ii 

tg5: 

40  e 

6546; 

33535 

2B321 

052./ 

■ii 

6648( 

335ii 

28291 
28260 

.ii 

19  36 

33487 

0522- 

.IS 

,9    2« 

4o  32 

33463 

71771 

2822, 

94767  26 

9.66562 

10.JBIO8 
28167 

4o  48 

71S3; 

o524- 

;^^ 

33390 
33366 

7186; 

,Sti 

Ai     4 

6663; 

28106 

o526t 

4 

^ 

iB  48 

4[   iJ 

66658 

33342 

28075 

o526f 

4 

94734  2, 

8  .8  4^ 

34.  20 

.0.33318 

10.28045 

.0.0527; 

4 

4 

42 

r8  2; 

4[  36 

66731 

33269 

27983 

o5286 

f) 

?47.4  ,1 

4J 

4r  44 

6675; 

72046 

0529; 

94707  17 

44 
45 

4i  52 

33221 

72078 

27922 

T 

9470D  16 

3  42     0 

.0.33177 

10.27891 
27860 

io.o53o6 

5.94694   i5 

4i> 

17  5= 

6682; 

4-7 

42   16 

66851 

17  3« 

72201 

27799 
27769 

£ 

OMW 

72231 

9465?   ,1 

34240 

10.33078 

2tl 

io.oS34o 

9.94660  10 

4i  48 

94647     8 

17    4 

1.1 

t6  56 

43    4 

33006 

.  7235^ 

27646 

o536i 

(i 

94640     7 

S4 
,15 

16  48 

43  12 

_ii 

32982 

7238. 

2b 

27616 

o5366 

0 

94634    6 

34^20 

9.67042 

.0.32958 

!0.o537; 

6 

9,94627     5 

Sh 

16  3; 

43  28 

32934 

27555 

o538< 

6 

9=i62o    4 

16  2, 

82687 

6 

67M,^ 

72506 

94607    a 

bg 

43  52 

24 

3=863 

44    D 

6716J 

24 

72567 

Hour  P.M. 

Hour^.M. 

Cosine. 

DilT. 

SecaiiL 

Colaugeiil 

Difr. 

Tangenl. 

Cosecant. 

J  till'. 

Sine.      M 

Second B 

„   . 

!■ 

3' 

3. 

4" 

5- 

6' 

7' 
6 

Prop.  pa. 

is  of  cols. 

3 
4 

6 
8 

9 

i5 
3 

.5 
'9 

4 

.8 

23 

5 

..Google 


TABLE   XXVII. 

[Pago  ms 

S' 

Log.  Sines,  Tangents,  and  Secants. 

G'. 

28"                                A                 A             B 

B 

C                  C     151° 

ai 

Hour>..M 

Hourp.H 

Sine.   |Diff 

Cosecant. 

TongBui. 

Diff 

Colangcnl 

Secaiil. 

Diff 

Cosine, 

M 
60 

8  ,6    0 

9.fi7i6i     0 

10.32839 
32815 

9.73567 

,0.27433 

.0.05407 

9.94593 

i5  5s 

44    8 

67.85     0 

'7^598 

274oa 

o54,3 

94567 

s 

i5  44 

AA  16 

67208 

a 

72628 

27372 

o542o 

945BO 

3 

i5  36 

44  24 

67232 

72659 

27341 

05427 

94573 

57 

4 

5 

i5  s8 

44  32 

67256 

32744 

72689 

__ 

2781, 

05433 

94567 

56 
55 

3  44  40 

10.33720 

9.72720 

10.27380 

io.o544o 

9.94560 

j5  12 

44  48 

67303 

32697 

73750 

3 

o5447 

94553 

54 

i5    4 

44  56 

67327 

3 

32673 

737S0 

4 

05454    ■ 

94546 

53 

i4  56 

45    ^ 

67350 

3 

3265o 

728. 

4 

27189 

o546o 

94540 

52 

_9 

i4  48 

67374 

3 

33626 

7284. 

5 

2715? 

05467 

I 

94533 

5i 
5o 

8  14  40 

3  45.0 

9.67398 

4 

10. 32602 

9.72872 

~5 

10.27128 

.0.05474 

9.94526 

14  3a 

45  a8 

'674a 

4 

3a579 

73902 

6 

27098 
27068 

0548. 

94519 

^2 

i4  j4 

45  36 

67445 

5 

33555 

72932 

6 

05487 

945i3 

48 

i; 

14  16 

4544 

67468 

5 

32532 

72963 

7 

=7037 

05494 

94506 

4? 

71 

14    8 

45  52 

67492 

5 

325o8 

72993 

27007 

0556. 

2 

94499 

45 

8  ,4    Q 

3  46    0 

9.67515 

~6 

io.3a485 

~T 

,0.36977 

,o.o55o8 

^■» 

t6 

i3  5i 

46    8 

67539 

6 

33461 

''73^5; 

26^6 

o55,5 

44 

13  44 

46  16 

6756a 

3243B 

73084 

9 

269.6 

o552. 

94479 

43 

i8 

i3  36 

46  24 

67586 

7 

3a4i4 

781,4 

9 

26886 

05528 

9447^ 

42 

12 

.3  28 

46  32 

67609 

7 

3239. 

73i44 

26856 

o5535 

^ 

94465 

4. 
4o 

8  i3  30 

3  46  4° 

9.67633 

e 

10.32367 

9.73.75 

10.36825 

io.o554a 

9.94458 

i3  la 

454a 

67656 

8 

3a344 

73205 

26795 

85549 

94451 

i 

i3    4 

46  56 

67680 

9 

32320 

73335 

26765 

o5555 

3 

94445 

■23 

la  56 

47    4 

67703 

9 

32297 

73365 

26735 

o5563 

3 

94438 

ll 

j4 
a5 

12  48 

47  n 

67726 

_9 

32374 

73295 

la 

26705 

05569 

3 

94431 

36 
35 

8  i5  4o 

347=0 

9.67750 

10. 32250 

9.73326 

,3 

10.26674 

io. 05576 

T 

9 -94434 

=6 

J2    32 

47=8 

67773 

32227 

73356 

.3 

26644 

o5583 

3 

94417 

34 

=7 

12  34 

47  36 

67796 

32204 

■   73386 

14 

05590 

3 

944.0 

33 

28 

11  >6 

47  44 

67820 

32.80 

734.6 

14 

26584 

05596 

3 

94404 

33 

29 

35 

4752 

32157 

73446 

,5 

26554 

o56o3 

3 

94397 

3i 
3o 

3  48    0 

10.32134 

9-73476 

iti.  26524 

I0.O56.O 

3 

9.94390 

3i 

11  52 

48    8 

321,0 

73507 

16 

36493 
a6463 

o56i7 

4 

943S3 

'9 

32 

11  44 

48  16 

67913 

3ao87 

73537 

,6 

05634 

4 

94376 

36 

33 

11  36 

48  24 

i3 

32064 

73567 

a6433 

o563i 

4 

94369 

34 

35 

i[  38 

48  32 

6?959 

i3 

32o4i 

73597 

.7 

26403 

05638 

4 

.94362 

36 

3  48  40 

9.6798a 

i4 

,o.3ao,8 

9.78637 

Is 

10.26373 

10.05645 

4 

9.94355 

36 

48  4S 

%8So6 

14 

31994 

73657 

a6343 

o565i 

4 

^349 

24 

37 

u    4 

-48  56 

68029 

14 

3197- 

73687 

'9 

363 13 

05658 

^342 

23 

38 

JO  56 

49    4 

68052 

i5 

3,^8 

737.7 

'9 

26283 

o5665 

4 

94335 

39 
4a 

ro4S 

49  la 

68075 

i5 

3i9=5 

73747 

36353 

05672 

4 

94328 

H^ 

8  )o  4o 

■3  49  30 

9.68098 

"76 

9.73777 

10.36223 

05686 

5 

9.94321 

&\ 

10  3a 

49  28 

68r2i 

16 

'"'3X1 
3i856 

73807 

36193 
26,63 

5 

943,4 

;s 

45 

49  36 

68144 

16 

73837 

06693 

5 

94307 

43 

10  16 

49  AA 

68167 

3i833 

73867 

261 33 

05700 

5 

94300 

44 
45 

TO     8 

49  52 

68.90 

3i8io 

73897 

26103 

05707 

5 

94293 

,6 
75 

3  5o    0 

9168173 

10.3,787 

9.73927 

"51 

,0.26073 

10.057,4 

5 

9.94286 

46 

9  5a 

5o    8 

68337 

3.763 

73957 

33 

26043 

05731 

5 

& 

14 

47 

944 

5o  j6 

68260 

31740 

73987 

24 

260,3 

06727 

5 

i3 

48 

9  36 

5o  24 

68283 

'9 

3.717 

74017 

24 

26983 

05734 

5 

94266 

49 
5o 

9  28 

5o  3a 

683o5 

21 

31695 

74047 

35 

25953 

o574) 

6 

94259 

To 

8    9,0 

3  5o4o 

9.68328 

'9 

10.3.67a 

9.74077 

25 

,o.o5748 

6 

9.94253 

5i 

9  12 

5o48 

68351 

3 1649 
31636 

74107 

26 

05755 

6 

94245 

1 

S5 

8  56 

5o  56 

6S374 

74(37 

afi 

05763 

6 

94338 

53 

■    5i    4 

68397 

3i6o3 

74 166 

37 

25834 

05769 

6 

94331 

54 
55 

8  48 

5i   .a 

68420 

3.580 

74.96 

25804 

05776 

6 

94=34 

6 

"5 

8    8  40 

3  5i  20 

9.68443 

.o.3i557 

9.74226 

10.25774 

,0.05783 

6 

9.94217 

50 

68466 

3,534 

74356 

28 

25744 

05790 

6 

'942,0 

4 

57 

8  24 

5i  36 

68489 

3i5.i 

74286 

29 

357.4 

05797 

7 

94203 

3 

53 

8  16 

5i  44 

68512 

3.488 

743 16 

29 

35684 

o58o4 

7 

tt 

59 

8    8 

5l  52 

68534 

a3 

3 1466 

74345 

3o 

25655 

o58.. 

60 

8     0 

5a    0 

68557 

33 

Diir. 

3,443 

74375 

3o 

25635 

o58i8 

7 

^182 

i) 

UmirP..,  HourA,w. 

Cosinn. 

Secatil. 

Colangem 

Diff. 

Tangent. 

CosecBDl. 

Jiff. 

Sine. 

1' 

3- 

3' 

4' 

5- 

6> 

7' 

Prop,  parts  of  cols 

W 

3 

4 

6 

9 

Is 

3 

.5 
.9 
4 

33 

5 

20( 
26 

6 

lOOglc 


TABLE 
'  Sines,  Tang' 


3.4=0 

3i397 
3]  375 


53  a8 
53  36 
53  44 
53  52 


54  3a 

3  54  40  9 

54  48 

54  56 


56  8 
56  16 
56  24 
56  3: 
3  56  4i 
56  48  ' 

56  56 

57  4 
57  ■ 


69744  ' 

69x67  1 

69189  I 

^'69256  1 

69379  ' 

69301  I 

69333  I 


XXVII. 

mts,  and  Secants. 


.7^375 
744o5 
74435 
74465 
74494 

.74534 
74554 
74583 
7461 3 
74643 

.74673 
74703 
74733 
7476= 
74791 


30945 


9-7483  1 
74851 
7488d 


75028  1 

75o58  I 

750B7  I 

9.75117  1 

75i46  I 

75176  1 

75235  ] 

9.75364  I 

75394  1 

75333  1 

75353  I 

75382  1 

9.75411  I 

75441  1 

75470  1 

755co  I 


25268 
25338 


34913 
.34883  1 
24854 


o583a  . 
o5839  1 
05846    < 


05902 
05910 

0.06934 
0593 1 
05938 
05945 
05952 

o-o595g  " 


0.34736   r 
24706 
24677 
=4647 
34616 

0.34589  r 

24559 
a453u 

34471 


06009    ^ 

06016  ; 
06033  : 

06045  , 
06059 ' ' 


iff.!  Cosine,  la 
719,94183  6 
1  94175  5 
1       94168  5 

'       94I54  5 

r    9.94147  5 

94i33  5 

94119  5 


94o83  4' 

9.94076  4 

94069  4 

94063   ' 

__94o48  4 

9.94041   . 

94o34  3 

94027  3 

9403O  " 

I    9.94005  3 

'       93998  3 

93991  3 

939B4  3 

93977  3 

9.98970  3< 

93963  2i 
93955  3l 
93948    2' 

9^9^' 

9.93934    3 

93937  a. 
93930  3 

93'"  3 


30499 
30477 
3o455 


58  56 

^5 

59 

3  59 

59 

59  36 
59.44 
59  5: 


0  9.69567  I 

-      695S9  i 

69633  I 

69655  1 

9.69677  1 

69699  I 

69721  1 

69743  ; 

9.69787  ■■ 


o.3o3a3 


3oi47 
3oia5 


9.75705  3 

75735  3 

76764  2 

75793  3 


75910 

75939  : 

75969  2 

9.76998  ; 

76056  2 

76086  3 


24383 
24353 
24334 


38973 
33944 
23914 
338185 
33856 


06145 
o6i53 


06225    • 
06233    ■; 


>  9.93863 
93855  1. 
93847  1 
93840  1 
93833  i^ 
9.93B26  1. 
93819    I 


Seconds  of  time 

1' 

2' 

3- 

4. 

5- 

& 

7" 

(A 

Prop,  parts  of  cols.  ^  B 

tc 

3 
4 

6 

7 

8 

3 

4 

<4 
4 

17 

5 

36 

6 

Viogle 


TABLE   XXVII. 

[P^gaSlB 

S' 

Log.  Sines,  Tangents,  and  Secants. 

G'. 

30 

A                    A              B 

B 

C                   C    149° 

It) 

lIourA-M 

HourP.r.1 

She. 

Difl 

Coseeaul. 

TangKnl. 

Diff. 

C-oU,„g.„, 

Secanl. 

Diff. 

Cosrne, 

6^ 

8     o     o 

400 

9.69897 

,o-3oio3 

9.76144 

10.23856 

10,06247 

f^3^ 

7  59  5j 

0     8 

69919 

3oo8i 

76173 

28827 

06254 

98746 

It 

5944 

0  16 

6?^; 

3oo59 

76202 

23798 

06262 

93788 

3 

59  36 

0  24 

69?63 

3oo37 

76231 

23769 

06269 
06276 

93731 

57 

i 
5 

5^=8 

0  3a 

69984 

I 

3ooi6 

76261 

23739 

93724 

56 
55 

759=0 

4    o4o 

9.70006 

10.29994 

9.76390 

,0.237 JO 

,o.o6383 

9.98717 

6 

5^1  = 

0  48 

70038 

29972 

763. 0 

3 

23681 

06291 

93709 

54 

Ud 

0  56 

70o5o 

3 

29950 

76348 

3 

23652 

06298 

53 

8 

i    4 

7007  a 

3 

=5^28 

76377 

a3623 

o63o5 

ml 

52 

_9 

58  48 

70093 

3 

29907 

76406 

4 

23594 

o63i3 

1 

5i 

7  58  40 

4     I  20 

9.701.5 

"4 

I0.29S85 

9.76435 

~ 

io.a3565 

10.0632O 

' 

9.93680 

58  3i 

I  28 

70137 

4 

29863 

76464 

5 

23536 

06327 

S 

58  24 

1  36 

70,59 

4 

2^41 

76493 

6 

o6335 

i3 

58  16 

I  4i 

5 

29820 

76522 

6 

23478 

06342 

47 

75 

58    8 

1    52 

70202 

5 

29798 

7655, 

_7_ 

23449 

o635o 

V 

9365o 

46 

45 

7  58    0 

4    2    0 

9.702a. 

~ 

10.29776 

9.76580 

,o.234ao 

.0.06357 

9,98643 

i6 

575= 

70245 

6 

29755 

76609 

2339, 

06364 

93636 

44 

5744 

2  ,6 

70267 

6 

29733 

?S 

8 

2336i 

06372 

93628 

43 

i8 

57  36 

a  24 

7028B 

6 

29712 

9 

23332 

06379 

9362. 

42 

12 

57  =8 

2    32 

703 10 

_7_ 

29690 

leivt 

_2. 

233o3 

o6386 

936.4 

41 
4o 

757.0 

4    a  40 

9*70332 

10.29668 

9.76725 

,0.23275 

10.06394 

9.93606 

57  .. 

2  48 

70353 

2^7 

767M 

23246 

o64oi 

3 

'93599 

39 

3S 

57    4 

a  56 

70375 

8 

29625 

76783 

23217 

06400 
064,6 

3 

a 

a3 

56  56 

3    4 

70396 

29604 

,6«,. 

3 

37 

55 

,   56  48 

3  12 

70418 

9 

29582 

,634, 

23,59 

o6if23 

3 

93577 

36 
35 

7  56  4o 

4    3  20 

9.70435^ 

9 

10.29561 

9.76870 

,o.=3i3o 

io,o643. 

T 

9.93569 

a6 

56  32 

3  28 

'7046; 

9, 

l& 

& 

i3 

06438 

3 

93562 

34 

56  34 

70482 

i3 

2307a 

06446 

3 

93554 

33 

56  16 

3  44 

7o5o4 

29496 

76^57 

i3 

23o43 

06453 

3 

93547 

32 

i 

56    8 

3  52 

70525 

TO 

29475 

76^6 

i4 

230l4 

o646. 

4 

93539 

3i 

35 

7  56    0 

4    4    0 

9.70547 

10.29453 

9.77015 

T4 

la. 12985 

4 

9,9353a 

3i 

55  52 

4    8 

7o568 

2943a 

77044 

,5 

22956 

06475 

i 

93525 

'S 

35 

55  44 

4  16 

70590 

29410 

77073 

.5 

11^ 

06483 

4 

93517 

26 

33 

55  36 

4  =4 

70611 

293B9 

77IOI 

16 

0P490 

4 

^3510 

34 
35 

55  s8 

4  32 

70633 

29367 

77i3o 

16 

■7 

22870 

06498 

4 

93502 

26 

7  55  JO 

4    4  40 

9.70654 

IT 

10.29346 

9.77159 

.0.2284, 

Eo.oeSoS 

4 

'gg 

36 

55  12 

4  48 

70675 

i3 

29325 

77188 

17 

22812 

o65i3 

4 

24 

37 

55    4 

4  56 

70697 

i3 

29303 

77217 

,8 

22783 

06520 

5 

93480 

23 

38 

54  56 

5    4 

70718 

14 

29282 

77246 

22754 

06528 

5 

93472 

39 
4" 

54  48 

5  12 

70739 

14 

77274 

"9 

06535 

5 

93465 

^ 

7  5440 

4    5  20 

14 

10.29239 

9.77303 

'9 

-12!^ 

,0.06543 

T 

9.93457 

4< 

54  32 

i5 

29218 

7733a 

o655o 

5 

'^45o 

il 

4= 

5424 

5  36 

70803 

i5 

29197 

7736, 

22689 

06558 

5 

93442 

43 

54  16 

5  44 

70824 

i5 

29,76 

77390 

326,0 

06565 

5 

^3435 

T7 

44 

54    8 

5    Lll 

70846 

16 

29154 

T74i8 

22582 

06573 

5 

93427 

16 

,5 

7  54    0 

9.70867 

76 

10.29133 

9.77447 

,0.22553 

,o.o658o 

"6- 

9.93420 

46 

53  52 

6    8 

70888 

16 

J9II2 

77476 

22524 

06588 

^34.3 

i4 

47 

5344 

6  16 

70909 

775o5 

23 

"S; 

06595 

6 

93405 

,3 

48 

53  36 

6  24 

7053; 

tfit 

77533 

23 

06603 

6 

93397 

49 
55 

53  28 

6  32 

7095a 

18 

7756a 

24 

2243B 

06610 

6 

^3?o 

TO 

7  53  JO 

4    6  40 

9.70973 

io.29oa7 

9.77591 

24 

,0.22409 

10,06618 

6 

9.93382 

5[ 

53  ij 

6  48 

70994 

29006 

776,9 

55 

2238. 

D66a5 

6 

93375 

9 

52 

53    4 

6  56 

19 

77646 

=5 

22352 

06633 

6 

93367 

6 

53 

5=  56 

7    4 

71036 

•9 

28964 

77677 

26 

22323 

o664o 

93360 

54 
55 

52  48 

7  12 

7io58 

2894a 

77706 

26 

32294 

06648 

-f 

93352 

6 

75240 

4    7  '0 

9.71079 

io.a892i 

9.7773; 

26 

,0.22266 

10.06656 

?  93344 

56 

52    32 

28900 

77763 

22237 

o6663 

93337 

57 

52  24 

71121 

28679 

77791 

27 

22ao9 

0667, 

93329 

3 

53 

52   16 

7  44 

71(42 

28858 

77820 

28 

22,80 

0667B 

93322 

59 

52    8 

7  52 

71163 

28837 

77B49 

28 

22,5, 

066B6 

933 14 

So 
M 

52       0 

8     0 

71184 

21 

28816 

77877 

29 

aai23 

06693 

Diff 

93307 

M 

Ho„rP.„. 

Hour  A, H. 

CosliiP. 

oii 

Sccpnl. 

Coiang^nt'DKr 

Taugt^iil. 

Cosccaiil 

Shifi, 

,         . 

1 

9 

3 
3 

4 

,4 
4 

5 
,3 

5 

fi 

7 

Prop,  parta  of  coIb. 

{■ 

3 
4 

5 

,6 
6 

'9 

25 

.lOogle 


'''e'^^ii]                                        TABLE   XXVII. 

^'-                                   Log.  Sines,  Tangents,  and  Secants.                                  *■' 
31°                                     A                   A              B                    B              C                   C   143° 

M 

3 

4 
5 
6 

_? 

13 

i4 
i5 
i6 

!9 

23 
24 
25 
26 

11 

3o 
3[ 
35 
33 
34 
35 
36 
37 
38 

3? 

42 

43 
44 
45 
46 
47 
4S 
49 
5o 
5i 

52 

53 
54 

55 
56 
57 
58 

Sour  A.M. 

BOUIP.H. 

Sine. 

WIT 

Cosecaiil. 

Tangent. 

Diff. 

CWaiigent 

Secani. 

Diir- 

Cosiiie. 

M 

60 

1 

55 
54 
53 

53 

5i 
5o 

t 

47 

46 

45 

44 
43 
43 
4i 
4o 

S 

35 
34 
33 

33 

3i 
3o 

? 

26 

25 

34 

33 

i 

,6 
75 
14 
,3 

1 

"5 
4 

3 

M 

7  5.     o 
5i  52 

5i  44 

5r  36 

4    8     0 

8  16 
8  24 

'IS 

71247 
71268 

° 

10.288:6 
28795 

it^ii 
=8732 

9,77877 

■     77996 

77935 

77963 

77992 

10.22133 

32^5 

:3 

10.06693 
06701 
06709 
06716 
06724 

l 

9.93307 
93299 

93384 
93376 

5l     12 

5,     4 
5o  50 

5o  48 

4    8  40 
8  48 

8  56 

9  4 
9  12 

9.71289 

7i33i 
71353 
7^373 

3 
3 

10.287.1 
28637 

0.78020 
78049 

78,35 

3 
3 

4 

■o..i,8o 

iB 

10.06731 
06739 
06747 
06754 
06763 

9.93269 
9326, 
93253 
93246 
93238 

7  5o  4o 
5t)  32 
5o  24 
5o  16 
5o    8 

4    9:^0 

944 
95. 

9.71393 
714^4 
71435 
71456 
7i477 

3 
4 

4 
4 

10.28607 

28586 
28565 
28544 
28523 

9.78163 
78192 

78220 

78249 
78277 

5 
6 
6 
7 

10.0677. 
06800 

9,93230 
93333 
93215 

7  5o    0 
49  52 
49  44 
49  36 
49  28 

4  10    0 

10  ]6 
10  24 

10  35 

9.7.49** 

B 

7i58i 

5 
6 
6 

7 

I0.385O2 

3848. 
28461 
38440 
28419 

9.78306 

78334 
78363 

a 

I 

9 
9 

"■IS 

21637 

10.06808 
06816 
06823 
o683i 
06839 

^.77 
93,69 

o3i6i 

48  56 
48  48 

4  1040 
10  48 

10  56 

11  4 

9.7:602 

716* 
71664 
71685 

8 

10.28398 
33378 

3835- 
38336 
283 1 5 

785o5 
78533 
78562 

9 

31524 
3,495 

10.06846 
06854 
06862 
06S69 
06877 

3 
3 
3 
3 
3 

9,93.54 
93,46 
o3i38 

^,33 

7  48  4o< 
48  3a 

48  'a 

4  11  20 
11  tS 
IS  36 
II  44 
li  5s 

9.71705 

71747 
71767 
71788 

9 
9 
9 

.0.28295 
28274 
38253 
38333 
38312 

9.78591 

7864: 
78675 
78704 

I3 
i3 
i4 

•,i 

16 

18 
18 
'9 
'9 

31353 

31325 

=1396 

io.o6B85 
06892 
06900 
06908 
06916 

3 
3 
4 
4 
4 
4 
4 
4 
4 

93.00 

'f3^ 
93.«i 
93o53 
93046 

7  48    o 
47  52 

4?  44 
47  36 
472a 

4  12    0 

12  16 

13  24 

12  32 

9.71809 

?1b5o 
71870 
7189. 

'"-21;?; 

38i5o 
38i3o 
28109 

9.7B733 
7876c 

SI 

31340 

2n83 
21,55 

10.06933 
0693. 
06939 
06947 
06954 

747  =0 
47  ■  = 

46  4B 

4  1240 

12  56 
i3    4 
i3  .2 

9.71911 

71973 
71994 

1 

28048 
38037 
2S006 

9-78874 
78902 
78930 
78959 
78987 

,0.21126 
31(^ 

31070 

aio4l 

210.3 

10.06962 
06970 

06993 

5 
5 
5 

5 

9,93o38 

93023 
93014 
93007 

46  54 
46  16 
46    8 

'lilt 

i3  36 
i3  44 
i3  52 

9,73014 
73034 
72055 
72075 
73006 

37945 
37925 
379,->4 

9.79015 
79043 
79073 

79)00 
791=8 

.0-20985 
20957 
2093B 
20900 
20872 

,0.0700. 
07009 
07017 
07034 
07032 

5 
5 
6 
6 

J.93999 

92^; 
9=976 
93968 

7  46    0 
45  52 
45  44 
45  36 
45  j8 

4  14    0 
14   a 
i4  16 
14  a4 
14  32 

9.73116 
72137 
72,57 

5S 

'9 

10.37S84 
37863 
27843 
3;823 
37802 

9.79.56 
79185 
79=. 3 
79=4. 
79369 

33 
33 

10.30844 
3o8i5 
30787 

ro. 07040 
07048 
07055 
070& 

6 
6 
6 
6 
6 

9,92960 
93952 
93944 
92936 
92939 

43  4 

44  56 
444a 

4  i4  40 
i4  48 
i4  56 
i5    4 

l5    13 

9,72218 

72238 

72259 

73379 
72399 

10.37782 
37762 
27741 
37731 
27701 

9.79397 
79326 
79354 
79382 
794.0 

24 
24 

35 
35 
36 

i 0.30703 
30674 
20646 
20618 
30590 

10,07079 
07087 
07095 
07103 
0711, 

6 

9.53921 
93913 
9290S 
93&97 
92S89 

74440 
44  32 
44  24 
44  16 
44    8 
44    0 

'■All 

i5  36 

15  44 
[5  52 

16  0 

9.72320 

72340 

72360 
72381 
73401 
72421 

'9 

10.27680 
27660 
.7640 
27619 
37599 
37579 

9-79438 

79495 
79523 
79551 
79579 

26 

36 
37 

27 

28 

28 

I0.30563 

20534 
2o5o5 
3o477 
3o449 
2042, 

10.07119 
07126 
07134 

07151 

7 
7 

8 
8 

9,93881 
93874 
92866 
93858 
92850 
92842 

HourF.« 

HourA.iii. 

Cosine. 

Diff. 

SersmU 

Coiaiigeni 

Diff. 

Tangent. 

Cosecant 

Diff 

Sine. 

Seconds  of  time 

!■ 

2' 

3' 

4" 

5" 

6- 

7. 

(A 

Prop,  pnrta  of  cola   <  B 

(c 

3 
4 

5 

3 

lO 

14 
4 

i3 
18 
5 

i5 
6 

18 

35 

i.Google 


TABLE  XXVII. 

[Poee  S17 

8' 

Log.  Sines,  Tangents,  and  Secants, 

a- 

33^ 
m" 

A                  A              B 

B 

C                   C     147" 

Hour  1  M 

HoiltPH 

Sioe 

Diff 

Cosecant. 

Tangenl. 

Ditr 

Cotaiig^ul 

SecaiiL 

Diff 

Cosioe.    M 
9.92842  6c 

7  4-1     •- 

4  lb    0 

9  72f  s 

0 

10.27579 

9.79579 

0 

10.20421 

,0.07<58 

0 

43  5= 

16    8 

7s44 

27559 

79607 

20393 

07166 

9=834  "9 

4344 

lO  16 

7246 

27539 

79635 

so365 

07.7, 

02826  58 

3 

«3  3h 

16    34 

724S2 

27518 

79663 

S0337 

928,8  57 

1 

43  58 

16  32 

7=512 

S7496 

7969, 

2o309 

07,90 

93810  56 

7  43  20 

4  lb  41 

9  7i52s 

IO.S7478 

9.79719 

,0.07197 

□.02803  55 

6 

«3  II 

iO  4b 

7254a 

27458 

79747 

3 

'so253 

Sgp 

7 

43    4 

!6  56 

72561 

37438 

79776 

3 

20224 

07s,; 

8 

45  5b 

72582 

27418 

79804 

4 

soils 

0722, 

93779    52 

J: 

41  4B 

7260 

S7398 

79832 

4 

07229 

93771  5£ 

7  4Mt 

4.72c 

9  726.2 

10.S7378 

9.79860 

5 

,0.20,40 

,0.07237 

9.93763  5o 

ji  3s 

17  28 

726a3 

S7357 

^7^88 

5 

07245 

1.755  49 
92747  48 

42  24 

17  3(, 

736b3 

S7337 

79916 

6 

2  0084 

07253 

i3 

4s  16 

1744 

7s683 

273.7 

79944 

6 

20056 

92739  47 

T7  5s 

727(3 

27297 

79972 

_7 

20028 

O7S69 

92731  46 

7  42    0 

4   i8     0 

9  727>3 

10.27277 

10.07277 

5.92723  45 

t6 

4i  52 

18     8 

7S743 

S7S57 

8co2( 

7 

1997  s 

07285 

93715  44 

>7 

41  4-. 

18  lb 

7276 

6 

S7237 

8oo56 

8 

.9944 

O7S93 

93707  43 

iS 

41   3f 

J8   2A 

72-83 

27217 

800B4 

\'^i 

07301 

9269942 

!3 

38   32 

7=8r3 
9-^^13 

6 

7 

27197 

80, ,s 

9 

07809 

3 

926^4. 

-  4(   2( 

9.80140 

9 

10.19860 

,0.073,7 

^7^^683  4S 

41   11 

72843 

7 

27157 

80,68 

19882 

07325 

3 

92675  39 
92667  38 

4<    4 

18  5o 

7  8b3 

7 

27137 

80195 

,9805 

07333 

3 

23 

yo  5b 

.9    4 

72683 

8 

S7117 

19777 

0734, 

3 

92659  37 

34 

=5 

4048 

19  12 

7290= 

8 

27098 

8025 1 

19749 

07349 

3 

92651  36 

7  4o  4o 

4  19  so 

9.7292s 

~8 

9.80S79 

10,197s, 

,0.0735? 

T 

J.92643  35 

s6 

4o  3s 

19  s8 

7294= 

9 

S7o58 

80307 

',^, 

07365 

3 

9>635  34 

^I 

A"  24 

.9  3t 

72962 

9 

27038 

8o335 

,3 

07373 

4 

92637  33 

28 

40  16 

19  At 

72982 

9 

8o363 

,3 

19637 

0738, 

4 

92619  3; 

^9 

40    8 

.552 

735^2 

26998 

80391 

,3 

19609 

07389 

4 

9261.   3i 

740    0 

9. 73022 

ic,s69,8 

9.804.9 

,4 

,o.,958i 

,0.07397 

'4 

9.9261.3  3o 

3] 

395; 

7304. 

S6959 

80447 

i4 

,9553 

07405 

4 

llUV£ 

3s 

3944 

73061 

26939 

3o474 

i5 

,9526 

0741 3 

4 

33 

39  36 

so  s4 

73oa. 

lU'^ 

8o5os 

i5 

,9498 

0742, 

4 

92579  27 

34 

r, 

3928 

so  32 

73,c. 

8o53o 

,6 

,9470 

07429 

5 

92571  26 

7392c 

4  20  4c 

9.7312, 

.0.26879 

9.80558 

76 

,o.,944i 

.0.07437 

~ 

-,,92563  2  5 

36 

39  .2 

73i4o 

26860 

8o586 

,9414 

07445 

5 

92555  34 

37 

so  56 

73160 

26840 

80614 

17 

19386 

07454 

5 

93546  33 

36 

38  5d 

s(     4 

73180 

26820 

8o64s 

,8 

19358 

0746s 

5 

92538  S2 

39 
4(1 

38  48 

73200 

26800 

80669 

,8 

i933> 

07470 

5 

92530  21 

7  3b  40 

4  21  20 

9.73219 

IT 

.0.2678, 

9.S0697 

•9 

,o.J93o3 

,0.07478 

5 

9.92533  20 

4t 

38  3s 

SI   38 

73239 

26761 

80725 

'9 

.9275 

07486 

6 

925,4  19 

4^ 

38   24 

SI  36 

73259 

2674, 

80753 

.9^47 

07494 

6 

9s5c6  '8 

43 

38  16 

SI  44 

73278 

26722 

80781 

07502 

6 

9S498  17 

44 
45 

3S    8 

SI  5s 

73298 

,9,92 

075,0 

6 

93490  16 

4   2J      0 

9,733.8 

,0.2668s 

9.8o836 

,0.19164 

10.07518 

6 

9,92482   15 

46 

3752 

SI    S 

73337 

26663 

80864 

,9,36 

C7527 

6 

92473  '4 

^I 

3744 

ss  16 

73357 

26643 

19,08 

07535 

6 

93465  .3 

48 

37  36 

2S  s4 

73377 

26623 

80919 

,9=8, 

07543 

6 

92457  '2 

i9 
5<j 

37  s8 

22  32 

73396 

26604 

80947 

23 

19053 

07551 

~ 

93449  U. 

737.0 

4   22   40 

9.734.6 

,0.26584 

9.80975 

23" 

10, [0025 

18997 

10.07559 

5,93441   10 

5i 

37   TS 

ss  48 

73435 

36565 

8,oo3 

s4 

07567 

iSi  2 

5i 

37    4 

ss  56 

73455 

S6545 

8,o3o 

24 

,8970 

07575 

53 

36  56 

23    4 

73474 

S6526 

B.o58 

25 

,894s 

07584 

924,6   7 

54 
55 

36  48 

23  .2 

73494 

265c6 

81086 

s5 

,8^4 

0759s 

7 

7  36  40 

4  S3  so 

9.735,3 

■0.S6487 

9. 81, ,3 

s6 

J  0.07600 

9.95400    5 

56 

36  33 

s3  28 

73533 

S6467 

26 

.8859 

07608 

57 

36  24 

23  36 

73552 

26448 

8,169 

26 

,883, 

076,6 

8 

92364    3 

36  16 

=3  44 

73572 

S6428 

8,196 

27 

076=4 

8 

92376    2 

^9 

36    8 

S3  5s 

7359T 

a64o9 

8,224 

18776 

07633 

92367     ■ 

M 

36    0 

24      0 

73Sri 

20 

=6389 

81 25a 

28 

18748 

0764. 

8 

92359    0 

HoutP.K. 

Hour  A.M. 

Coslnn. 

Din: 

Secral. 

Coiangen 

^ 

Tongenl. 

Cosecanl. 

Diff, 

Sine.      M 

Seconds  of  lime 

!■ 

3' 

3' 

4- 

5> 

6' 

7' 
24 

Prop,  parts  of  oo1b.<  B 

3 

5 

3 

.4 
4 

!7 

5 

i5 

oogle 


V. 

=.ai8] 

TABLE   XXVII. 

SI 

Log.  Sines,  Tangents,  and  Secants. 

G'. 

33- 

A                   A               B                      B 

C                   C    146' 

M 

HourA-M 

Hour  P.M. 

Sine. 

Diff. 

Cosecajii, 

Tangent. 

BE 

Co.anKenl 

SecEuii. 

Diff 

Cosine. 

S 

7  36     0 

4=4     0 

9.736m 

10. 26389 

9.81=5= 

iO.,8743 

.0.0764. 

9.9^359 

35  52 

M    8 

7363o 

=6370 

8(279 

07649 

9=35. 

tl 

35  44 

a4  !6 

73650 

=635o 

8i3o7 

'&l 

07657 

93343 

3 

35  36 

=4  =4 

73669 

26331 

,     81335 

9=335 

57 

4 

35  58 

s4  3= 

7368? 

1 

263J1 

8i363 

2 

18638 

0767^ 

-^ 

9=3=6 

56 

55 

7  35  so 

4  34  40 

9.737b8 

[0.S6392 

9.81390 

.0.186.0 

10.0768= 

9.933.8 

6 

35  13 

=4  48 

73727 

=6=73 

8.418 

3 

i8582 

07690 

9=310 

54 

7 

35    4 

24  56 

73747 

26=53 

8 1445 

3 

.8555 

07698 

9=3o2 

53 

8 

34  5b 

j5    4 

73766 

3 

=6234 

81473 

4 

18537 

07707 

ll£ 

5= 

_9 

34  48 

=5  1  = 

73785 

3 

26=15 

8[5oo 

4 

i85oo 

077.5 

I 

5. 

5; 

7  34  4' 

4=5=0 

9.73805 

3 

10.26,95 

9.8.528 

5 

10.1847a 

10.07723 

I 

9.95=77 

34  33 

25  =8 

738=4 

3 

=6.?6 

8.556 

5 

18444 

0773. 

93369 

% 

34=4 

=5  36 

73843 

4 

=61 57 

8i583 

5 

18417 

07740 

92260 

]3 

34  16 

=544 

73863 

4 

i6i37 

8161 1 

6 

18389 

07748 

9=25= 

47 

i 

34    8 

=5  5= 

73882 

4 

=6118 

8.638 

_6 

i836= 

07756 

92=44 

46 
45 

734 

4    6    0 

9.7390] 

5 

10. =6099 

9.8(666 

.0.18334 

10.07765 

9.92235 

6 

33  5 

6    8 

739^1 

5 

26079 

81693 

7 

i83o7 

07773 

9=2=7 

44 

334 

6  16 

739^ 

5 

16060 

81721 

8 

18=79 

0778, 

9==.  9 

43 

33  3b 

b    24 

73959 

6 

s6o4i 

8174a 

i8i5= 

07789 
07798 

3 

922.. 

4= 

_9 

33    3 

6  3s 

.    73978 

6 

260== 

8<776 

9 

18224 

3 

92202 

4i 
40 

7  33 

4    6  40 

9.73997 

~6 

i<i.=6oo3 

9.8i«o3 

9 

.0..8197 
18169 

10.07806 

T 

'■IZte 

33 

6  48 

740  J  7 

=5983 

8.831 

07814 

3 

It 

33 

6  56 

74o36 

25964 

8.858 

18142 

078=3 

3 

9=177 

3 

3     5fc 

7    4 

74o55 

25^45 

8.886 

18114 

0783, 

3 

92169 

37 

4 
5 

3    48 

7  1  = 

74074 

8 

=5926 

81913 

180S7 

07839 

3 
3 

9=.6. 

36 
35 

73    4 

9.74093 

"8" 

-il^-^ 

9.8,94. 

,o..8o59 

10.07848 

9.9=151 

6 

3     3 

7   28 

74ri3 

i8o33 

07856 

4 

92144 

34 

3      4 

7  36 

74t3= 

9 

25868 

8'99* 

18004 

07864 

4 

33 

3      6 

744 

74i5i 

9 

=5849 

8=2=3 

!3 

17977 

07873 

4 

92127 

9 
3 

3     a 

7  5a 

74170 

_9 

=583o 

8=o5i 

i3 

17949 

07881 

4 

92119 

3. 
3^ 

7  3 

9.74189 

9.8=078 

i4 

'"''•It^ 

0769! 

4 

9.92.1. 

3 

3    5 

8    e 

7420g 

25792 

8=106 

i4 

4 

92.02 

'i 

3 

3    4 

8  16 

74=27 

=5773 

8=1 33 

i5 

17867 

07906 

4 

?3 

3 

3     36 

8  24 

74=46 

=5754 

62161 

i5 

,7839 

079.4 

5 

5 

1 

3     a 

8  3j 

74265 

=5735 

16 

17812 

07923 

5 

93077 

=6 

is 

7  3 

4    8  40 

9.74284 

TT 

ro.a57i6 

g  82215 

16 

10.17785 

10.0793. 

5 

9.92069 

36 

3 

8  48 

743o3 

82=43 

16 

'7757 

07940 

5 

92060 

24 

37 

3      4 

8  56 

7432= 

81=70 

17730 

07948 

5 

9205= 

23 

33 

3o  56 

9    4 

74341 

822^ 

17 

07956 

5 

91044 

/ 

3      8 

9  1  = 

74360 

li 

25640 

823?5 

18 

17675 

07965 

5 

92035 

— 

7  3 

4    9  ao 

'■?i;i 

13 

10. =5621 

9.8a35= 

io..764B 

10.07973 

6 

9.92027 

i 

3    3 

9  28 

i3 

=56o= 

8=38o 

•9 

17620 

07982 

6 

9=0 1 S 

:i 

4 

3      4 

9  36 

74417 

i3 

=5583 

8=407 

'9 

171^ 

07990 

6 

92010 

3 

3      b 

944 

74436 

■4 

25564 

82435 

07998 

6 

'2 

4 

3      8 

955 

74455 

14 
i4 

=5545 

8246= 

17538 

08007 

6 
"6" 

9.993 

16 
.5 

7  3 

43      0 

9.74474 

9.83489 

.0.17511 

io.o8oi5 

9.9,985 

95 

3      8 

74493 

i5 

"^  825.? 

17483 

080=4 

6 

91976 

'i 

4 

944 

3     16 

745TS 

i5 

8=544 

17456 

o8o3= 

9.968 

i3 

9  36 

3     =4 

7453i 

i5 

25469 

82571 

17429 

0B04. 

9' 959 

? 

9    8 

3     3= 

74549 

=5451 

82599 

17401 

08049 

J__ 

9.95. 

T^ 

7    9 

3     4o 

^:^4568 

l6 

10. =543= 

9.826=6 

-^ 

.0.17374 

.o.o8o58 

7 

9.9.942 

5 

9 

3    48 

74587 

16 

=54i3 

8=653 

=3 

17347 

08066 

91934 

2 

5 

? 

3     56 

74606 

17 

82681 

24 

173.9 

08075 

9.9^5 

^3 

8    b 

3      ^ 

746=5 

17 

B2708 

24 

lUl 

oBo83 

919.7 

54 

3     .= 

74644 

Jl 

B2735 

25 

0809= 

91908 

6 

43     20 

9-7466= 

10.25338 

^ 

.0.17238 

"8" 

9.91900 

3     =8 

74681 

18 

25319 

8=790 

=6 

17=10 

08109 

8 

9.883 

4 

i 

3    36 

74700 

=53oo 

82817 

26 

.7.83 

08117 

3 

5S 

3    44 

74719 

25281 

8=844 

.7.56 

081=6 

91874 

59 

8    8 

3     5j 

7473? 

'9 

s5263 

171=9 

08.34 

91866 

6 

3      0 

74756 

19 

=5=44 

82899 

=7 

08143 

8 

91857 

M 

« 

U  urA.»[. 

Cosine. 

raff 

Secani. 

Diff 

Taiigcnl. 

CoseCBIll 

Diff 

Sine. 

Seconds  of  time 

1' 

3' 

3* 

4- 

5' 

6- 

7- 

Prop,  parfsof  coIe.  ^  B 

3 

5 

3 

i4 
4 

17 
5 

i4 

=4 

lOogle 


TABLE  XXVn.                [''"^"^ '■^"' 

^''                                   Log.  Sines,  Tangents,  and  Secants,              '"'■ 
34°               A        A      B        B      C        C  145' 

3 
4 
-5 
6 

I 

,3 

M 
i5 
i6 

£? 

a; 

24 
25 

s 

S9 
3o 
3i 

32 

33 
34 
35 
36 

37 
38 

1? 
4o 
4i 

42 

43 
44 
4i 
46 
4? 

49 

5[ 
5s 
53 

55 
56 

57 
58 

1 

lIourA,iii 

Hour  P.M. 

Sine. 

Diff. 

Cosecant. 

Tangoot. 

Kff- 

CoiaDgeiil 

Secant. 

Diff. 

Costue. 

M 
65 

56 
55 

54 
53 

I: 

To 

47 

46 
45 
44 
43 
42 
41 
40 

37 
36 
35 
34 
33 
3a 
3i 
30 

'i 

26 
35 
24 

23 

.6 

75 
,4 
,3 

1 

j 

4 
3 

17  s8 

4   32  0 
3a  8 
32  16 
32  24 
32  3> 

9.74756 
74775 
74794 
748 1 2 
7483 1 

1 

10.25244 

252J5 

a52o6 

25,'^ 

82953 
83980 
83ooS 

l 

'17074 
17047 

16^2 

10.08143 
o8i5] 
08160 
08168 
08177 

I 

9.91857 
91849 
91840 
?.832 
91823 

7  27  lo 

27  . 

s6  56 
36  46 

4  32  40 

32  56 

33  4 
33  12 

'■a 

74924 

3 

3 
4 
4 
4 

i5i32 
25ti3 
25094 

250^ 

9.83035 
B3o62 
83089 

83^4' 

3 
3 
4 
4 

10.16965 
16938 

168  56 

10.08185 
08194 
08202 

08219 

i 

9.91815 
91806 
91798 
91789 
91781 

7  26  40 

26  32 

2624 
16  16 
j6  8 

4  33  20 
33  28 
33  36 
3344 
33  52 

9.74943 
74961 
74980 
74999 
75017 

10.25057 
35o39 

25020 

2500  r 
24983 

o.83z7i 
8319S 
63225 
83252 
83280 

5 
5 
5 
6 
6 

10,16829 
i68oI 
16775 
16748 
16720 

10.08228 
08237 

08262 

2 

9.91772 

91755 
91746 
9T738 

7  j6  0 

25  52 

25  44 
25  31 

434    c 
34  8 
34  16 
3424 
34  32 

^"?5o5. 
75073 

5 
5 
6 
6 

10.24964 
3494b 
24927 

9.83307 
83334 
83361 
83388 
834 15 

I 
9 

16639 
16612 
16585 

10.0H371 

08288 
08397 

08305 

3 

9.91729 
91720 

9)6^5 

25  4 
24  56 
24  48 

4  34  40 
34  48 
34  56 

11. i 

9.75128 

75184 
75102 

6 

7 

'24353 

24835 
=4Si6 
24798 

0.83442 
8347ft 
83497 
83524 
8355. 

9 
9 

i653o 
i65o3 
16476 
16449 

083=3 
o833i 

3 
3 
3 
3 

9.91686 
91677 
91669 
9,66i 
9165 1 

7  i4  40 
2432 
s4  24 
>4  16 
24  S 

4  35  20 
35  28 
35  36 
35  44 

35  52 
4  36  0 

36  8 
36  16 
36  24 
36  32 

9.75221 
75i39 
7525M 
75276 
75294 

9 
9 
9 
9 

24742 
24724 
24706 

9.83578 
836o5 
83632 
83659 
83686 

i3 
i3 

16395 
16368 
i634i 
i63i4 

0S37; 
08383 
08393 

4 
4 
4 
4 
4 

9.91643 
9,634 
9i6a5 
91617 
91 60S 

7  24  0 

23  52 

23  44 
23  36 
33  28 

9.753i3 
7533. 
75350 
7536S 
75386 

10.24687 
24669 

24650 
24632 
24614 

9-83713 
83740 
8376B 
83795 
83822 

14 
i4 
i5 
i5 

16360 
16232 
.6205 
16178 

08409 
o84i8 
08427 
08435 

4 
5 
5 
5 

9.91599 

7  23  20 
23  12 
23  4 
22  56 

22  48 

4  36  40 
36  48 

36  56 

37  4 
37  12 

9.75405 
^5423 
75441 
75459 
75478 

n 

10.24595 
24577 
24559 
2454. 
24522 

83003 
B3930 
83^57 

16 
16 
17 

io.i6i5i 
16124 
16097 
16070 
16043 

10.OB444 
08453 
08462 
o847< 
08479 

5 
5 
5 
6 

'is; 

91538 
9i53o 
9,52, 

7  22  40 

22  32 

22  16 
22   8 

437  20 
37  28 
37  36 
37  44 
375. 

9.7549b 
755i< 
75533 
7555. 
75569 

i3 
i3 

.3 
i3 

10.24504 
24486 
24467 
a4449 
2443. 

9.83984 
84011 
84o38 
84o65 
S4093 

18 
18 
'9 
It 

10.16016 
15989 
15963 
15935 
,5^8 

08496 
08505 
085.4 
o8523 

6 
6 
6 
6 

9.91512 
9i5o4 

9' 477 

2r  44 

It   36 

,  21  28 

4   38  0 
38  8 
38  16 
33  24 
38  32 

9.75587 
756o5 
75634 
75642 
75660 

14 
U 

•4 

i5 
i5 
1 5" 
16 
j6 
16 

io,a44i3 
24395 
24376 
34358 
24340 

9,84119 
84i46 
84173 
84200 
84227 

11 

io.i588i 
.5854 
15827 
i58oo 
15773 

o854o 
o854q 
08558 
08567 

7 
7 

9. 91 469 

7  21  20 
20  56 

20  48 

4  38  4o 
38  4S 
38  56 

9.75678 
75696 
75714 
75733 
7575, 

10.24322 
24304 
24286 
24267 
24249 

9.84254 

843o7 
84334 
84361 

23 
23 
33 
24 
24 

.o.,5746 
15639 

0859; 
08602 
0S611 

i 

9.914^5 

9i4i6 
91389 

20  24 
20  16 

20  0 

4  39  20 
3928 
3^36 

39  44 
3^52 

40  0 

9.75769 

75823 

7584. 
75859 

17 
>7 

iO.2423, 
2421 3 

24195 
24177 
34159 

34i4i 

9.B438S 
844i5 
84442 
84469 
84496 
84523 

25 
25 

26 
26 

27 
27 

15585 
i5558 
i553r 
i55o4 
15477 

'o86at 
08637 
08646 
08655 
08664 

8 

9 
9 

9.9,38. 
91372 
9,363 
9,354 
91345 
91336 

Ii™rp.N.|HourA.M. 

Cosine. 

Diff. 

Secant. 

ColangeiiliDiff 

Tangent. 

Cosecant 

Diff 

Sine. 

Secoiide  of  time 

1' 

u. 

3- 

4. 

=■ 

6' 

7- 

Prop,  parts  of  cols.  J  B" 

3 

5 

3 

9 

i4 
4 

17 

5 

i4 

7 

16 
24 

"^.^oogle 


«^^]                                         TABLE   XXVII. 

S', 

Log,  Sines,  Taiiffeiits,  and  Secanta, 

6'. 

S5 

A                    A              B 

B 

C                    C    144° 

M 

Ho«f*.M. 

H™rp.M. 

Sine. 

Diff. 

Cosecant. 

■V^«^.i. 

m: 

Cotangenl 

Secant. 

Diff. 

Cosine. 

M 

440     0 

9.75859 

io,24i4t 

9.8452; 

[O. 15477 

9.9.336 

4o     8 

j4i23 

i545o 

08673 

40  16 

24105 

SK 

■S 

7^9.; 

24087 

15397 

0.3.n 

^ 
^ 

!9  18 

75931 

-^ 

24069 

-15 

IO..405, 

10.15343 

't:r. 

40  48 

7,'>967 

08717 

^4 

iS56 

7^,85 

Q..74 

91266 

_9 

18  48 

4i  11 

i 

23979 

8476. 

4 

15236 

08743 

1 

0.257 

5o 

7  18  40 

4  4i  20 

9.76039 

,0.23,6. 

9.84791 

4 

10.15209 

10.08752 

).9.248 

18  3; 

4i  36 

18  a. 

4i  36 

r.1 

18  i.6 

4<  44 

4 

23907 
.3I89 

8487; 

47 

(4 
r1 

18    8 

41  5= 

761.. 

4 

8489. 

7 

i5ioi 

0S788 

-T 

91212 

46 
45 

'■& 

4 

10.2387. 

9.84915 

10. 15075 

10.08797 

111 

8495; 

7 

44 

17  4^ 

43  16 

76.6. 

2383e 

l5021 

0881: 

43 

761B; 

238iS 

:« 

0882; 

i? 

41  32 

76200 

0 

j38oo 

85o33 

oB833 

91.67 

4. 
40 

44    4 

n,7fi.Tj 

1' 

10.33782 

'■» 

9 

10.14941 

7.  OH  ^8 

;x 

o885i 

4    56 

7625: 

33747 

08859 

on4i 

85i4< 

i486c 

0886S 

? 

6    8 

43 

76=89 

7 

23711 

85  [66 

11 

14834 

08877 

9..23 

Jl) 
35 

7    fi4 

/43 

9.76807 

10.23693 

10.14807 

4 

6 

43  36 

7634; 

33658 

8524- 

14753 

0890. 

4 

91096 

3,-( 

■>! 

6 

76361 

23640 

4 

3I 

6    8 

43  5 
4 

76378 

^ 

853oo 

14700 

4 

91078 

3o 

9.85327 

i3 

.0.14673 

9io6c 

S 

.1; 

44    6 

14 

14620 

9105. 

5  36 

7644t 

14593 

91043 

S; 

5    8 

764« 

14566 

9IOJ3 

T5 

7    5 

/44  4 

9.7648; 

io.235j6 

9.85460 

m 

10.14540 

10.08977 

9.91023 

:» 

8548: 

,h 

0898) 

2<5 

44  56 

7t.5.c 

855i< 

If. 

91005 

4  56 

23463 

i446<: 

0900; 

^ 

4  4B 

— 

17 

90987 

20 

7    /A 

9.76572 

10.23428 

,4  3: 

45  28 

7t.5qc 

i438o 

0903  J 

;g 

76t«: 

23393 

0904. 

4:1 

23375 

1432^ 

44 

14     8 

i43oo 

9094-' 

i5 

7  i4    0 

4  46    0 

9.85737 

10.14373 

.,  W31 

,3  5= 

76t^- 

14346 

0907! 

47 

i3  4' 

71*9; 

l422C 

4a 

\S 

90906 
90&9C 

49 

46  32 

7S730 

i4 
IK 

23270 

8583. 

22 

7 

7^ 

7    3  so 

4  40  4 

10.23253 

9.85860 

io.i4i4o 

10.0911; 

9  90B87 

i3     : 

9>.87a 

h2 

3    / 

46  56 

7678. 

lb 

23218 

65ot; 

23 

14087 

09i3, 

8 

47     4 

24 

7 

1)/. 

48 

47     2 

16 
r6 

23i83 

85967 

24 

i4o33 

6 

9r85i 

2  40 

io.23i65 

■M 

lO.ooiSb 

!) 

4 

6t 

47  30 

76870 

23, 3o 

86046 

75 

13954 

" 

90823 

3 

Sh 

2    1 

47^4 

7688- 

i3ii3 

8607: 

36 

09. 8( 

9 

9081^ 

^<, 

a    ( 

475 

7690/ 

17 

23096 

86 1« 

7h 

0919' 

9 

ft. 

a    ( 

4S    0 

7b922 

23078 

86126 

'7 

09204 

V 

9f7yb 

M 

Hon  PM 

Hmi  AH 

Dirr, 

Secaiit. 

Colangen 

Diff. 

Tangenl. 

Cosocml 

Did 

S.iii. 

Seconds  of  time 

!■ 

3" 

3" 

i- 

5' 

6' 

7' 

23, 

(A 

Prop,  parts  of  coU.  !  B 

(c 

3 

4 

7 
3 

9 

5 

6 

,3 

..Google 


TABLE   XXVII. 

[PdB8  K1 

S' 

Los.  Sines,  Tangents,  and  Secants. 

G'. 

36 

A                 A             B 

B 

C                    C    143° 

M 

HouriH 

Ho    tPM 

Sine. 

^ 

Cosecant. 

Tangent. 

DLff. 

Cotangent 

Seeant. 

m 

Coaine. 

M 

7   11     0 

ITTT 

9.76922 

I 

10. =3078 

9.86,26 

,o.,3B74 

10.09201 

0 

9-90796 
90787 

11    55 

48    b 

76939 

i3o6i 

861 53 

.3847 

093,3 

0 

59 

II  4' 

48  It. 

76957 

t 

j3o43 

8620* 

09213 

•PIT? 

5^ 

3 

48  24 

76974 

i3026 

13794 

09232 

90768 

57 

4 

1 

M    =) 

48  37 

7699. 

.3009 

~9 

86232 

,3768 

09141 

90759 

56 
55 

4  48  4 

9.77009 
77026 

10. 25991 

■O.I374, 

,0.09250 

9.90750 

6 

=■^974 

B6j85 

3 

,37,5 

09359 

90741 

54 

7 

11     4 

48  56 

77043 

22957 

863,2 

3 

S5 

90731 

53 

8 

■  0  50 

49    4 

77061 

.1939 

86338 

4 

13662 

90722 

53 

J 

ro4& 

49  12 

77078 

~3 

86365 

4 

,3635 

092S7 

907,3 

5, 
5o 

449  -0 

9.77095 

'-:a 

9.86392 

4 

,0.l36o8 

10.09296 

10  3= 

49  '8 

3 

864,8 

5 

,3582 

90694 

s 

49  36 

??l3o 

3 

3)870 

86445 

5 

,3555 

093,5 

00685 

i3 

4?  44 

77147 

4 

32853 

86471 

6 

,3529 

09334 

^76 

47 

i4 
.5 

10    & 

771 64 

4 

32836 

8649B 

6 

,35o2 

09333 

9C667 

46 
45 

7  10    I 

450    ^ 

9.77.8, 

4 

9.66524 

,0.13476 

,0.09343 

9.90657 

rfi 

9  5j 

5o     8 

??2?l 

5 

86551 

,3449 

09352 

9b648 

44 

9  44 

5o  If) 

5 

33784 

86577 

7 

,3423 

0936, 

3 

90639 

43 

l8 

9  36 

50    2.4 

77533 

5 

32767 

86603 

,3397 

09370 

3 

9o63o 

42 

!1 

9  5b 

5o  3 

77=5o 

5 
6 

22750 

86630 

8 

■  33?o 

09380 

3 

4. 
40 

4  5o  40 

9.77268 

9.86656 

9 

,o.,3344 

'-S 

3 

9.90611 

9    12 

5u  48 

77285 

6 

12715 

86683 

9 

,33,7 

3 

90602 

37 

Is 

25^ 

5i  5b 
5.     4 

77302 

7 

rx 

86^ 

,329, 
,3264 

09408 
094,7 

3 
4 

90592 
90583 

a5 

B  48 

5i  IP 

7 

22664 

86762 

~ 

,3238 

09426 

4 

90574 

36 

35 

■7    8  40 

4  5i  ao 

9.77353 

10. 23647 

9,86789 
868.& 

,0.,321i 

10.09435 

4 

9-90565 

a6 

8  3= 

5i  sS 

77370 

2563o 

i3i85 

09445 

4 

60555 

34 

8  24 

5i  36 

77387 

12613 

86842 

,3,58 

09454 

4 

90546 

33 

s8 

8  10 

li  44 

774o5 

22595 

86868 

i3,3i 

09463 

4 

90537 

3i 

39 

3^ 

8    8 

5i  5= 

77422 

22578 

86394 

,3io6 

09473 

5 

90627 

3, 

3o 

7    8    0 

4  5.    0 

9.77439 

9 

I0.2256I 

9.86921 

10. 1 3079 

,0.09482 

*5" 

9.90518 

3r 

7  5a 

7745& 

9 

22544 

86947 

,3o5i 

0949J 

5 

90509 

S 

33 

7  4^ 

5j  16 

77473 

9 

22527 

86974 

i3o26 

5 

90499 

33 

7  36 

52  24 

77490 

9 

22510 

87000 

i3ooo 

^5^0 

5 

90490 

34 
35 

7=8 

52  3i 

77507 

23493 

87027 

,3973 

09520 

5 

90480 

36 

7       -7    21 

4  '540 

9.77524 

"^ 

10.23476 

9.870S3 

15 

10.12947 

"■^S 

5 

9.90471 

36 

7   " 

5=  48 

77541 

22459 

87^3 

ii 

6 

90462 

24 

3? 

7     4 

52  56 

77558 

22442 

09548 

6 

90452 

i3 

38 

hSi 

53    4 

77575 

33425 

87132 

09557 

6 

90443 

39 
4o 

53  15 

7759> 

II 

2i4q8 

87i58 

12842 

09566 

6 

90434 

^ 

7     0  ^o 

..53=n 

'■lin 

,0.22391 

9.B7185 

,0.138,5 

,0.09576 

6 

9.90434 

4i 

6  3 

53  28 

22374 

''B721 

13789 

09585 

6 

904,5 

il 

4! 

6  3, 

53  36 

77643 

32357 

87238 

.276, 

09595 

9o4o5 

43 

6   16 

5344 

23340 

87364 

12736 

09604 

^& 

44 
45 

6    S 

53  5a 

77677 

i3 
i3 

22323 

87290 

127,0 

09614 

16 
75 

7    6    0 

454    0 

9.77691 

10.223o6 

9.873,7 

10., 2683 

,0.09623 

9.90377 

46 

5  52 

54    8 

i3 

87343 

13657 

09632 

90368 

•4 

47 

5  44 

54  16 

777lf 

i3 

s 

,i63i 

09642 

9o358 

(3 

48 

5  36 

54  34 

77744 

14 

22256 

0965, 

90349 

49 
So 

5  aB 

54  32 

7776, 

14 

22339 

B7412 

,3578 

0966, 

90339 

~ 

7     5.0 

4  5440 

9.77778 

i4 

9.87448 

10.12552 

,0.09670 

f 

5i 

5  ij 

54  48 

77795 

i5 

'32305 

87475 

13525 

09680 

8 

9C320 

t 

55 

5    4 

54  56 

778T2 

i5 

8750 

23 

12499 

09689 

9C3.I 

« 

4  56 

55    4 

Iti 

i5 

22171 

87527 

23 

12473 

09699 

9o3oi 

54 
55 

4  48 

55     !2 

i5 

22154 

87554 

24 

13446 

0970B 

90292 

6 

7    4  4,) 

4  55  20 

9.77862 

16 

10.21138 

9.87580 

14 

10.12410 

,0.097,8 

9 

9.9.,282 

432 

55  28 

77879 
77896 

16 

87606 

i5 

\f^ 

097271  9 

90273 

4 

4  24 

55  36 

16 

22104 

876331  25 

90263 

3 

5)i 

4   [6 

55  4q 

77913 

16 

12087 

87659:  26 
87685    36 

,334. 

097461   9 

90354 

4    8 

55  53 

77930 

17 

123(5 

09756    9 

90244 

60 
M 

4    0 

«6    t> 

7794s 

_17 

2305; 

8771 I    26 

,3389 

90235 

if 

Hojrp  « 

Horn  A  M 

Cosine. 

Diff 

Secant. 

Cnlttiigent  Diff 

Tansent. 

Cosecant.]  Difr 

Sine. 

lib 

A                      A                B 

B 

C 

C       53 

Seconds  of  time  . 

....    1 

1" 

3- 

3' 

4.       .5. 

6> 

7° 

.... 

(A        3 

4 

6 

9       II 

,3 

~^ 

Prop,  parts  of  cola.  ^  B         3 

7 

4 

i3       17 
5       6 

i3 
8 

iC 

oqI 

: 

^s^^l                                          TABLE    XXVII. 

^'-                                        Log.  Sines,  Tangeiits,  and  Seoanls. 

W. 

37°                                      A                   A               B 

B 

C                    0    142^ 

W 

HourA  M 

Ho  rp« 

Sine. 

Diff. 

Cosecant. 

Tangenl. 

llifl- 

ColBiisiuit 

Socanl. 

Diff. 

Cosine.    N 

456     o 

■O.22054 

9.8771 1 

,0.12289 

,0.09765 

0.90235  60 

■iio3', 

9.225  59 
90376  58 

3  4. 

56    ( 

7798t 

8776, 

i223e 

0978/ 

0 

3  31 

56  2< 

2200; 

90506  57 

2198'; 

87817     .' 

90197  56 

7     3  = 

4    64-' 

9.78030 

9.878431     2 

10.12,57 

,0.0981- 

9.90187  55 

'> 

56  4t 

7804: 

87M.     3 

I2l3, 

0983; 

90,78  54 

7B06; 

,210f 

90168  53 

a  5i 

57    - 

8792^ 

09841 

^ 

57       2 

78097 

2,903 

4 

o9«S, 

90,49  5, 

7     2  4u 

4   57   20 

9.7811: 

3 

10.21887 

9.8797' 

4 

10.1=0.6 

,o.<,986i 

5.90,39  5o 

3  3 

57    2f 

8Boo< 

57  3( 

78,4- 

21 85; 

"97; 

90,20  48 

(.- 

a  II 

574. 

78 16; 

4 

21837 

0988, 

9{.ii.  47 

^ 

4 

1,921 

0989. 

90,01  46 

4  58    0 

4 

10.2180; 

9.88105 

-IK 

J. 9009,  45 

7B2.; 

4 

I  4 

0992f 

90072  43 

I   31 

58  ). 

78j4( 

.5 

90063  42 

19 

I     5'! 

58  32 

78263 

5 

88210 

H 

1,790 

.99i7 

90053  41 

4  58  ^ 

9.78280 

,0.1,764 

J.90043  4o 

6 

2170^ 

1,738 

90034  So 
90024  38 

1     . 

58  5' 

783i: 

6 

8828. 

0997f 

4 

■)■- 

0  5 

59    - 

» 

(i 

90014  37 

=4 

0  4S 

5,     2 

7 

8834, 

lO 

,,65s 

09995 

4 

90005  36 

4    59    JO 

„  ,MB, 

[O. 21638 

9.e83&7 

4 

;. 89995  35 

)(S 

0  3 

59    2( 

& 

2,62, 

8839; 

1.607 

IQOl! 

4 

59  3t 

I0O2i 

4 

89976  33 

-If 

O       1 

7fi^„ 

8 

,oo3i 

89966  32 

=9 
.1 

S9b 

784j8 

8 

2,572 

88472 

Id 
i3 

11528 

10044 

89956  3, 

5    0    0 

9.78445 

10.2,555 

!0.1l502 

10.1005: 

9.80947  3o 

2,539 

89927  28 

1 

8855i: 

14 

ii45c 

Ci 

59  3b 

0    2d 

2,5o6 

■  4 

ii423 

899,8  2, 

.1 

59.8 

1 

2,490 

88603 

1.397 

10092 

89908  26 

6  59  2 

9.78537 

,n.„^.l 

g.88629 

1^ 

9.89898  25 

.-tf- 

■i 

78550 

1    4 

78576 

8870'; 

89869    2, 

19 
4" 

78592 

^ 

SE408 

'7 

89859    2, 

'■a 

9.88755 

6 

H 

2i3?5 

Ii3l4 

89830    18 

1i 

78642 

2 1 358 

^a 

58    6 

I  44 

7865E 

2,342 

8883E 

1,162 

io,8( 

44 

58    8 

1    52 

7867; 

(2 

2,326 

19 

10,90 

_7 

B98.O    16 

6  58    0 

io.a(3n9 

9.S8890 

7B7"7 

iio84 

89791      14 

47 

^7  4' 

4a 

57  3'. 

a  24 

78739 

l.S 

8896) 

1032( 

49 

57  28 

Id 

21244 

8899' 

,,006 

Itl23c 

8 

6  57  20 

5    24 

14 

10.21228 

10.10980 

[O.1024t 

9.B9752     ,0 

P4 

10954 

t^^t       t 

Sj 

2  56 

14 

21195 

8907; 

10366 

5 

56  48 

3    4 

3    12 

78837 

i5 
i5 

v:m 

ss 

10875 

;3 

y 
9 

89712     6 

0  7R8V 

10.2, ,47 

9.8,,5, 

=4 

10.10849 

^ 89702     5 

hf; 

56  3 

a 

i5 

2,l3, 

24 

io3o- 

S7 

56    !4 

3  30 

t6 

=  n[4 

8920; 

ah 

io3f; 

" 

Sh 

6    e 

3  44 

tI 

ia 

5b    { 

3  52 

10745 

M^l      ' 

M 

Hourp.B. 

4    0 

78934 

i& 

21066 

10719 

10347 

HoUtA-H. 

Cosine. 

Diff. 

Secsiii. 

Colangeut 

DifL 

Tangenl. 

Ccsecaiit. 

Dm: 

Siue.       M 

1" 

2' 

3" 

4. 

5- 

6' 

T 

Prop,  pirta  of  coU. 

f- 

3 

4 

7 

6 

4 

8 
i3 
5 

6 

7 

14 

23 

8' 

1  D.Google 


TABLE   XXVII. 

[PQaeEss 

■*'■                                  Log.  Sines,  Tangents,  and  Secants. 

G'. 

38°                                 A                 A             B                  B 

C                 C    141° 

M  H 

H 

Sine. 

Diff 

Cosecant. 

Taiigenl. 

Diff 

CoUuigen 

Secant. 

Diff 

Cosine. 

fo 

.78934 

10.31066 

10.10711 

10. io347 

9.89653 

78950 

2io5o 

^"89307 

1069I 

10357 

89643 

U 

7896^ 

aio33 

S9333 

10667 

10367 

69633 

3 

78983 

3IOI7 

89359 

1064 1 

10376 

89634 

57 

4 
5 

78999 

89335 

io6i5 

I0386 

896.4 

56 
55 

.79015 

10.20985 

9.8941 

To,io5B9 

10,10396 

9.89604 

6 

7903 

20969 

89437 

3 

I0563 

10406 

89594 

54 

7 

7904-. 

20953 

89463 

3 

10537 

io4ie 

89584 

53 

8 

79c*3 

20937 

'^.l 

3 

io5ii 

10436 

89574 

52 

9 

79075 

3093 

4 

10485 

10436 

8,564 

5i 
55 

.7909 

"3" 

10.209115 
20889 

9.8954 

4 

10.10459 
J0435 

10.1O446 

9.89554 

7911 

3 

89567 

5 

I0456 

89544 

i2 

79ra8 

3 

895^ 

5 

10407 

I0466 

89334 

48 

i3 

44 

79144 

3 

20856 

89645 

6 

10381 

10476 

89534 

47 

i4 

7916c 

4 

»o84o 

6 

To355 

io486 

89514 

46 
45 

,5 

r^^e 

4:io.ao824 

9.8967 

S 

"io3o^ 

10.10496 

~3 

9.89504 

(6 

79191 

4 

J0808 

89697 

7 

10565 

3 

89495 

44 

79=06 

5 

10793 

89;^3 

7 

io5i5 

3 

89485 

43 

79«4 

5 

20776 

89749 

8 

1025 1 

io525 

3 

89475 

42 

'9 

79»4o 

5 

20760 

89775 

8 

10325 

10535 

3 
"3- 

89465 

41 
4o 

^^56 

"  5 

10.30744 

9.B9BOI 

9 

"•;:;,'? 

10.10545 

9.89455 

7937a 

6 

20728 

89827 

9 

10555 

4 

89445 

l'> 

79288 

6 

89853 

10147 

10565 

4 

89435 

38 

=3             5b 

79304 

6 

2^1 

89870 

io575 

4 

89425 

h 

a4 

793191 

6 

8990? 

io585 

4 

89415 

36 

35 

=5 

.79335 

7 

10.20665 

9.89931 

10.10069 
10043 

10.10595 

~ 

9.89405 

=6 
J7 

79367 

7 

2064g 
ao633 

89957 

8^83 

I2 

10605 
io6i5 

5 

'&> 

34 
33 

79383 

=0617 

90009 

ii 

io6a5 

5 

89375 

33 

=9 

79399 

8 

20601 

^03^ 

Jl 

10636 

5 

89364 

3i 
3o 

3o 

794'5 

.0.2O585 

9.90061 

i3 

10.09939 

10. 10646 

5 

9.89354 

3t 

79431 

20569 
2o553 

90086 

i3 

^ii 

>o656 

5 

89344 

=3 

35 

79447 

8 

90112 

i4 

10666 

5 

89334 

38 

33 

79463 

9 

S0537 

90i38 

i4 

09862 

10676 

6 

89334 

34 
35 

79478 

9 

■    ao5a2 

9<ji64 

i5 

09836 

10686 

6 

893,4 

36 

.79494 

9 

io.ao5o6 

9.90190 

.5 

10.098.0 

10.10696 

-r 

9.89304 

36 

7PT0 

3o4go 

90216 

16 

09784 

10706 

a 

24 

\I 

56 

79536 

.    20474 

90242 

16 

09758 

10716 

6 

23 

f 

7954= 

2o458 

90268 

.6 

0973  a 

6 

89374 

39 

79558 

30443 

90294 

09706 

20 

40 

79573 

0.20437 

9.90330 

10.09680 

10.10746 

~ 

9.89354 

4i 

?P 

ao4ii 

90346 

18 

09654 

10766 

7 

89244 

It 

da 

20395 

90371 

18 

09629 

10767 

89233 

43        5o 

7963, 

eo379 

90397 

'9 

09603 

89333 

'I 

44 

79636 

2o364 

90423 

'9 

09577 

10787 

7 

16 

i5 

45        5o 

79652 

D.20348 

"S! 

,0.09551 

10.10797 

T 

46 

7966S 

2D333 

09525 

10807 

89,93 

i4 

1Z 

T9684 

2o3i6 

%i 

89,  §3 

i3 

48               oO 

l^l 

2o301 

90537 

10S27 

8 

89.73 

49 

4 

30385 

90553 

09447 

10838 

8916a 

ii 

5t. 

7973. 

0.20269 

9.90578 

"22 

10.094^!- 

10.10848 

"s" 

9.8915a 

5i 

79746 

30254 

90604 

09396 

10858 

9 

89142 

9 

53 

79765 

20238 

9o63o 

09370 

1086S 

9 

89133 

8 

53             j6 

79778 

90656 

23 

09344 

1087B 

9 

89122 

54        4u  48 

79793 

20207 

23 

09818 

_J. 

B9T.3 

6 

"5 

55    6  48  4o 

5  II  10 

9.79809 

"TF 

o.aoini 

9.90708 

24 

'"Z^ 

10.10899 

9 

9,8910. 

56       4a  3a 

It  a8 

79K35 

30175 

90734 

34 

10909 

9 

89091 

4 

57       48  .4 

11  36 

79840 

aoi6o 

25 

0934. 

10919 

890&1 

3 

53        48  16 

II  44 

79856 

20144 

09215 

10929 

8907, 

59    ,    48    8 

II    52 

79873    .6 

20128 

26 

09189 

10940 

89060 

DO        48    0 

7988, 

Oiffl 

2on3 

90837 

26 

09163 

10950 

89050 

M 

M   Hour  P.M. 

torT^ 

CQSinr. 

Seciml. 

Coiangem 

Diir. 

Tangent. 

Dii 

Srae. 

Scpondg  of  time  ...... 

1' 

3' 

3= 

4. 

5' 

G' 

?■ 

f* 

3 

4 

6 

8 

10 

12 

14 

Prop,  parts  of  cols. 

k 

3 

6 
3 

4 

i3 
5 

16 

6 

19 
8 

23 

ioogle 


Page  224] 

TABLE  XXVII. 

5'. 

Log.  Sines,  Tangents,  and  Secants. 

GK 

39° 

A        A      B 

B 

C        C  J40° 

M  HourA.M. 

IoOtf.M, 

Sine. 

Diff. 

Cosecant. 

TEmgenl. 

DLir. 

CoMngeni 

Secant. 

Diff. 

Cosine. 

M 
6S 

5  12   0 

9.79887 

9-90837 

0.09163 

10. 10950 

,         47  5' 

79903 

'Ol 

90863 

09137 

J  0960 

"^'8^40 

U 

2  47  44 

12  16 

79918 

90889 

09JI1 

10970 

B9030 

3   47  36 

13  34 

79934 

20066 

90914 

09086 

10980 

B^ao 

57 

4   47  =8 

12  32 

79950 

90940 

J0991 

56 
55 

5  6  47  2C 

5  >2  4o 

9.79965 

10.20035 

9.90966 

10.09034 

''©9 

6   47  12 

12  48 

79981 

90993 

3 

SS 

54 

7   47  4 

11  56 

79996 

3 

53 

8   46  56 

i3  4 

19988 

91043 

3 

0B957 

52 

9   46  48 

i3  12 

80027 

2 

19973 

91069 

4 

o893< 

II042 

2 

8S958 

5. 
5o 

lo  6  46  4o 

5  ,3  20 

9.80043 

3 

10.19957 

9.91095 

4 

II    46  3s 

i3  28 

8oo58 

3 

19942 

91111 

5 

^85? 

11063 

88937 

t 

12   46  24 

i3  36 

3 

1992^ 

91147 

5 

88^;; 

i3   46  i6 

i3  44 

3 

9117a 

6 

no83 

88917 

47 

i4   46  8 

l3  5a 

8oio5 

4 

19895 

91198 

6 

08802 

11094 

2 

&Spk 

46 

45 

.5  6  46  o 

5  ,4    0 

9,Boiaci 

4 

9.91224 

6 

10.08776 

10.1U04 

3 

'"888^ 

i6   45  5i 

14  8 

801 36 

4 

19864 

91250 

08750 

iiii4 

3 

44 

17   45  44 

14  16 

4 

19849 

91376 

7 

08734 

1.135 

3 

8887J 

43 

i8   45  30 

14  24 

80166 

5 

1^34 

9i3oi 

8 

:gi 

11135 

3 

42 

19   45  a8 

i4  3a 

80182 

5 
5 

i?8i8 

91327 

Mi45 

3 

4. 
40 

so  6  45  Ju 

5  14  40 

9.80197 

10.19803 

9.91353 

9 

IO.IIJ56 

9-88844 

ai   45  1= 

14  48 

802T: 

5 

19787 

91379 

9 

'08621 

11.66 

4 

8883^ 

39 

23   45  4 

i4  56 

80228 

6 

1977= 

91404 

9 

08596 

11176 

4 

36 

23   44  5b 

i5  4 

8oa44 

6 

19766 

9i43o 

08670 

11187 

4 

8881; 

37 

24   44  48 

j5  12 

80259 

6 

iijl&i 

10 

08544 

"■97 

4 

36 
35 

35  6  44  do 

5i5  2o 

9.80274 

6 

10.19736 

9.91483 

10. 085  IB 

4 

9.88793 

26   44  3a 

i5  aS 

80390 

7 

19710 

08493 

'11318 

5 

88762 

34 

27   44  =4 

i5  36 

8o3o5 

7 

\% 

11533 

08467 

11338 

5 

88772 

33 

38   44  .6 

i5  44 

8o320 

7 

9,559 
91585 

o844i 

1.239 

5 

88761 

33 

29  44    B 

i5  5a 

8o336 

19664 

oB4i5 

1.249 

5 

88751 
9.88741 

3. 
3n 

3o  6  44  0 

5  16  0 

9.8035. 

10.19649 

9.91610 

IF 

10.0B390 

.0,1.259 

"5" 

3i   43  52 

16  8 

8o366 

8 

19634 

91636 

i3 

o8364 

5 

88730 

2? 

32   43  44 

16  16 

80382 

i?eia 

9166a 

14 

08338 

..280 

6 

88720 

28 

33   43  36 

16  24 

80397 

8 

19603 

91688 

14 

o83ia 

1129, 

6 

88709 

34   43  28 

16  32 

8o4i2 

9 

19588 

91713 

i5 

08287 

ii3oi 

6 

88695 

36 

35  6  43  =0 

5  16  4.= 

9.S0428 

9 

10..9572 

9.91739 

"is 

io.o8a6i 

.0.1,312 

~T 

36   43  .2 

j6  48 

80443 

ip557 

91765 

i5 

08235 

11332 

6 

34 

37   43  4 

16  56 

8o458 

19542 

91791 

16 

08209 

ii33a 

6 

23 

38   42  56 

17  4 

80473 

19527 

91816 

08.84 

11343 

88657 

39   42  48 

17  TS 

S0489 

1^11 

9  ■84.2 

^ 

o8i58 

ri353 

_1_ 

88647 

?1 

4o  6  4j  40 

5  17  20 

9.8o5o4 

JO. 19496 

9.91868 

io.o8i3a 

.0.11364 

9.88636 

4i   42  3s 

17  28 

8o5r9 

i^ii 

9.S93 

18 

08107 

11374 

88626 

i 

42   42  24 

17  36 

8o534 

19466 

91919 

08081 

11385 

886.5 

43   42  16 

1744 

8o55o 

19450 

91945 

18 

o8o55 

11395 

886o5 

n 

44   42  8 

17  5= 

80565 

19435 

91971 

J5 

08029 

11406 

.6 
i5 

45  6  42  0 

9.80580 

9.91996 

'9 

10.0S004 

.0.1,416 

?,  88584 

46   41  52 

18  8 

80695 

'19405 

92022 

07978 

11427 

88573 

i4 

47   4!  44 

18  16 

80610 

19390 

92048 

0795a 

11437 

88563 

,3 

48   41  36 

18  a4 

80625 

19375 

93073 

07927 

1,448 

88552 

49   4t  28 

18  32 

8o64i 

19359 

92099 

0790. 

11458 

9 

88543 

7^ 

5q  6  4i  20 

5  18  40 

9.8o656 

73" 

10.19344 

9.92125 

,0.07875 

10.11469 

9 

9-8853. 

5i   41  fa 

1848 

80671 

19339 

92160 

07860 

11479 

9 

88531 

t 

5a   4i  4 

18  56 

80686 

19314 

92176 

07824 

11490 

9 

885io 

53   40  56 

19  4 

8070 

19299 
19284 

93203 

23 

07798 

iiSoi 

9 

88499 

54   40  48 

19  12 

807.6 

92227 

a3 

07773 

ii5i] 

_! 

83489 

6 

1 

55  6  4o  40 

519^0 

9.8073 

10,19369 

9.92253 

24 

10.07747 

10. 1.532 

9.88478 

56  40  32 

19  28 

80746 

19255 

92279 

a4 

07721 

1.53a 

4 

57   4o  24 

1936 

S0762 

1923! 

9330! 

!4 

07696 

88457 

3 

58   40  16 

1944 

80777 

19333 

92330 

s5 

07670 

88447 

59   4o  8 

1952 

80792 

1930B 

92356 

a5 

07644 

11564 

88436 

6i   40  0 

80S07 

19193 

9238 

26 

115,5 

M 

M  HoMF.lI 

HourA.M 

Cosine. 

DilT 

Colangen 

birr 

Tangeu^ 

Cosecant 

Dili 

Sue. 

Seconds  of  time 

V 

2- 

3' 

4" 

5' 

6' 
^9 

7' 
i3 

23 

9 

(A 

Prop,  parts  of  cols-  <  B 

3 

4 
6 
3 

,0 
4 

8 

i3 
5 

16 

.Google 


TABLE  XXVri. 

[p=s^  tea 

^'-                                   Log.  Sines,  TangcnfSj  and  Secants. 

C. 

A               B 

B 

M  H        ulH 

Sine. 

Diff 

Cosecant. 

Taogeni. 

Diff 

Secant. 

m 

Cosine. 

o    64       U 

9  80807 

10, 19193 

9.93381 

10.07619 

10., 1575 

9.88425 

884ie 

t^ 

C 

8o83- 

9243: 

11596 

88404 

3          9  Ji 

8o85; 

19148 

9=45! 

88394 
883B3 

57 

A        3^    8 

80S67 

J 

19133 

9548< 

2 

.1617 

55 

5        4 

9  8088= 

lo.igiie 

10.07490 
07465 

10.1l62f 

f         39 

19103 

88363 

8        36  56 

8091: 

.9088 

ii64( 

19073 

9       38  de 

8094^ 

2 

19053 

A 

07388 

11670 

8833o 

5. 

5o 

9  80957 

= 

10.19043 

9.9263) 

4 

10.07362 

10.11681 

9.883.9 

07337 

t 

12         8    i 

ii 

1B99S 

07285 

1.7.; 

.898J 

92740 

07260 

1172; 

45 

5 

9  8.03= 

4 

10. .8966 

fi 

10., 173. 

9.88266 

07208 

A" 

4 

18        37  36 

4 

3 

88a34 

4a 

81091 

1890S 

41 
40 

.0    6  i7 

9  81106 

5 

,0.18894 

9 

10.07106 

IO.„78f 

4 

9.882,2 

07080 

s 

ttz 

23        36    C 

3    4 

8ii5i 

(1 

07029 

4 

3- 

24        Bb    8 

II 

07004 

8816S 

35 

5    3 

lo.iSSao 

4 

■..«fi,5fl 

8119^ 

06953 

18790 

9307; 

18775 

s; 

3o    6  3b 

5    4 

10.1S746 

1 3 

!o.o685o 

10.1. 8q5 

6 

9.aa,o5 

H.jfi. 

18731 

''^175 

i3 

o68a5 

ii9b( 

88083 

:? 

Si 

33        35  30 

4 

« 

18701 

14 

1.92! 

27 

34        3b    S 

4  3 

ii 

18686 

14 

06748 

r.939 

88061 

26 

25 

5 

n  fl,3,F 

.0.18672 

10.067=2 

.0..1949 

36        35 

8 

18657 

i5 

06697 

.195. 

2. 

7 

aa"'^ 

38        34  5C 

5    4 

8137: 

18628 

16 

06646 

7 

3g       3    48 

5 

81387 

i86i3 

9338< 

06620 

..993 

7 

— 

40    6  34  4 

9,93406 

"11 

,o.„on, 

7 

'r?^ 

41       343 

5    b 

J8563 

I20I; 

It 

4i       34    < 

5  36 

8.431 

]856s 

9345: 

1203; 

8797^ 

43       34    I 

544 

8i44e 

9348; 

iK 

o65>8 

44       34    8 

5  5 

.bb39 

93508 

19 

0049= 

12047 

ifi 

5    6 

0  a,47'i 

9,9353; 

IO.1205( 

« 

5.8794= 

46       33  5 

6    8 

8149': 

i85io 

o644i 

1206. 

u 

47       33  4i 

6    6 

i8495 

o64i6 

67921: 

48        33  3e 

6    4 

06390 
06364 

49        3      8 

6  3 

18466 

93636 

V 

— 

9  81549 

,o,,8^5, 

00.W, 

10.06339 
o63i3 

9 

9,87887 

5t        33 

8 

18437 

" 

t 

5i        33    4 

6    6 

7    4 

-..■( 

06262 

54        3      8 

aibo7 

18393 

93763 

a3 

5 

55    63    4 

5    7 

9   8lfi22 

.4 

10.18378 

■)3 

I0.o62Ii 

10.12167 

9.87833 

56        3    3 

8 1 636 

06186 

4 

7  3b 

8i65i 

18349 
.8335 

■//, 

06160 

I2l8< 

58        3      6 

81 665 

93865 

t-i 

^        3      ) 

8i68o 

i832o 

06109 

K5? 

B169. 

i83o6 

93916 

" 

M 

M  11 

H 

rcsme. 

Diff. 

SecEuil. 

Colimgen 

Diff 

Tangent. 

Cosecant 

Sine. 

V 

3' 

3' 

4. 

5- 

.. 

7* 

Pcop,  parts  of  cola. 

ll 

3 

4 

e 
3 

6 

7 
i3 
5 

9 
16 

<9 

i3 

9 

oogle 


'^'^"^"^                                    TABLE  XXVII. 

^'-                                   Log.  Sines,  Tangents,  and  Secants. 

G 

4F                                 A                A             B                   B 

C                C   138° 

in   HourA.H 

Hour  P. n 

Sine. 

Diff 

Cosecant 

Tangent 

Diff 

Do«mse„ 

Secant. 

Dili 

Cosine. 

60 

o    6  3i    0 

5  28     0 

9.81694 

i0.i83oe 

9.9391 

10.06084 

9.87778 

I        3i  52 

28     8 

81709 

18191 

9394 

o6o58 

12233 

87767 

So 

2       3i  44 

28  16 

81723 

I82„ 

P^ 

o6o33 

12244 

87756 

56 

3        3i  36 

28  =4 

8  J  738 

P99 

06007 

12255 

B7745 

57 

4        3i  28 

28  32 

81752 

1 

18241 

94oi 

2 

05982 

12266 

l]     87734 

56 
55 

5    6  3i  2o 

5  2R40 

9.81767 

10.18233 

9.9404 

10.05956 

9.87723 

6        3i  11 

28  48 

81781 

18219 

94.^ 
9409 

3 

05931 

12288 

877,2 

54 

7        3i    4 

28  56 

81796;    2 

18204 

3 

05905 

12299 

87701 

53 

8        3o56 

29    4 

81810     2 

18190 

941? 

o588o 

i23;S 

87690 

5j 

9        3o4S 

29  12 

81825 

18175 

9414 

o5854 

1232 

87679 

5i 
5o 

o    6  3o  40 

5  2920 

9.81839 

m.18,61 

9.9417 

10.05829 

10. 12332 

9.87668 

I        3a  32 

8 185^ 

3 

18146 

9419" 

O58o3 

12343 

87657 

it 

J        3o  24 

29  3( 

81868 

3 

9422 

05778 

J  2354 

87646 

3        3o  i6 

2944 

81882 

3 

9434 

6 

05752 

12365 

87635 

47 

4        30    8 

29  52 

81897 

3 

18103 

9427 

6 

05727 

13376 

3 

87624 

46 

45 

5    6  3o    0 

5  3o    0 

9.81911 

4 

10.18089 

9.9439 

~6 

10.12387 

9.87613 

6        =9  5^ 

3o     8 

8.9^6 

4 

18074 

943z 

'05676 

12399 

3 

87601 

44 

7        2944 

3o  16 

81940 

4 

18060 

9435 

o565o 

3 

87590 

43 

8        2936 

3o  24 

■81955 

4 

18045 

9437 

05625 

3 

87579 

42 

9        =9 '3 

3o  32 

81969 

5 

i8o3i 

9440 

8 

05599 

1243= 

4 

87568 

4i 

0    6.920 

5  3o4o 

9,8.983 

~J 

9.94426 

8 

10.05574 

10.12443 

4 

9.87557 

1             29    12 

3o  48 

81998 

5 

iBoo! 

9445 

9 

05548 

12454 

4 

87546 

3        28  56 

3o  56 

5 

§447 

9 

o5523 

.2465 

4 

87535 

3l    4 

82026 

5 

injd 

9450 

05497 

12476 

4 

87524 

37 

4       28  48 

3i  12 

82041 

6 

17959 

9452 

10 

05472 

12487 

4 

87513 

36 
35 

5    6  28  46 

5  3i  20 

9.82055 

6 

10.17945 

9.9455 

.0. 05446 

10.12499 

5 

9.87501 

6        28  32 

82069 

6 

17931 

9457 

o542, 

t25lO 

5 

874^ 

34 

7           38  24 

3i  36 

82084 

6 

17916 

94604 

05396 

12521 

5 

^7^^! 

33 

8        28  16 

3:  44 

82098 

17902 

9463 

05370 

ii532 

5 

32 

9        28    8 

3i  52 

SjiH 

7 

178B8 

9465 

12 

05345 

12543 

5 

87457 

3i 
3o 

0    628    0 

5  32    0 

9.8212& 

7 

10.17874 

9.9468 

10.05319 

,0.12554 

6 

9.87446 

1         27  52 

33    8 

7 

17859 

947o£ 

i3 

0529; 
05268 

13566 

6 

87434 

29 

5        27  44 

32  16 

82155 

8 

.7845 

9473 

14 

12577 

6 

874=3 

28 

3        27  36 

32  24 

82,69 

8 

17831 

94757 

i4 

o5243 

13588 

6 

87412 

27 

i        17  28 

32    32 

82183 

8 

17816 

94783 

14 

o52i7 

12599 

6 

87401 

26 

5    6  27  so 

5  32  40 

9.82198 

10.17802 

9.94808 

i5 

'o5i6e 

10.12610 

9.87390 

!6        =7  12 

32  48 

B22i2 

9 

17788 

"^^834 

i5 

87378 

24 

7       27    4 

32  56 

82226 

9 

'7774 

94859 

16 

o5i4i 

12633 

87367 

i3 

8        26  56 

33    4 

82240 

9 

17760 

94684 

16 

o5ii6 

12644 

7 

87356 

9        264s 

33  12 

82255 

_9 

17745 

94910 

•7 

13655 

__7 

67345 

20 

0    6  26  40 

5  33  20 

9.82269 

10., 7731 

9.94935 

17 

io.o5o65 

10.12666 

7 

9.87334 

I           26  32 

33  2B 

82,83 

177 1 7 

9496 

17 

o5o39 

.2678 

8 

87322 

S 

3        1624 

33  36 

82297 

17703 

^^6 

18 

o5oi4 

12689 

8 

87311 

3        26  16 

3344 

823.1 

17689 

^S,2 

18 

04988 

13700 

8 

87300 

17 

4        26    8 

33  52 

82326 

17674 

95o37 

Jl 

04963 

12712 

'8 

87288 

16 
i5 

5    6  26    0 

534    0 

9.82340 

10.17660 

9.95063 

19 

10.04938 

8 

9.87277 

6        25  52 

34    8 

8j354 

17646 

o5o88 

04912 

12734 

9 

87266 

i4 

7        25  44 

34  16 

82368 

17632 

95.13 

04887 

9 

87255 

,3 

8        25  36 

3424 

82882 

17618 

95189 

o486i 

12757 

9 

87343 

9         25  28 

34  32 

82396 

17604 

95.64 

04836 

_9. 

87233 

— 

0      6    25    30 

53440 

9.82410 

,0.17590 

9.95190 

10.04810 

10.12779 

9 

9.87221 

I        a5  12 

34  48 

82424 

17576 

^2i5 

04785 

12791 

» 

I 

2        25    4 

34  56 

82439 

.7561 

95240 

04760 

12S02 

3        24  56 

35    4 

82455 

17547 

95266 

04734 

4       24  48 

35  12 

82467 

17533 

9529. 

23 

04709 

12825 

87175 

6 

-5 

5    6  a4  40 

5  35  20 

9.8148. 

T3- 

10,17519 

9.95317 

^ 

0.04683 

10.12836 

9.87.64 

6        24  35 

35  28 

82495 

i75o5 

*  95342 

24 

o4658 

12847 

87153 

4 

5 

7        24  =4 

35  36 

82509 

835a3 

1749" 

95368 

24 

04632 

118:9 

3 

5 

8        24  16 

35  44 

17477 

95393 

25 

04607 

,2870    11 

87130 

5 

9        24    8 

35  52 

82537 

17463 

954:8 

25 

04582 

87119 

6 

2        24    0 

36    0 

83551 

17449 

95444 

25 

04556 

,2893    11 

87107 

4 

a 

I   Hour  P.M.  Hour  A.H. 

Coaino. 

m 

Sccitol. 

'otangcnl 

Diff. 

Tangent. 

Cosecant,  Diff. 

Sine. 

Seconds  of  time 

!■ 

2' 

3' 

4. 

5' 

6' 

7" 

(A 

Prop,  parts  of  cola,  /  g 

(c 

3 

4 
6 
3 

5 
4 

i3 

6 

9 
.6 

7 

'9 

E 

lOogle 


TABLE   XXVII. 
r.  Sines,  Tangents,  and  Secants. 


a3  52 
23  36! 


5  37 
37  sS 
37  36 
37  4A 

37  5= 
5  38  ( 

38  (. 


4o  46 
4o  56 


836  r 
e3oa3 

O,83o37 
B3o5i 
83o65 
B3o78 
B3n9ii 

9.83io6 
83 1  so 
63(33 
83r47 
83. 6i 


S32i5 
333: 

0.83242 

83^56 
83370 
83^83 
83297 


95495 
95530 
95545 


9.95698 
95733 
95748 
95774 
95799 

9.95335 
95850 
95875 
95901 
95926 


'96=31 
96a56 


9.96712 
96738 
96763 


1.04556 
o453i 
045-35 
<>448o 
04455 

J. 04429 
04404 
04378 
04353 
04328 


0435; 


03896 
03871 
o3845 


03389 
o3364 
03338 


11.12893 

12927 
12938 
...295< 
12961 
1297: 


l3oi8 


i3i33 
i3i45 
i3i56 


86798  i 

86786  3 

66775  3 

3  9.86763  3. 


5  43 
43  28 
43  36 


o3q85 
o3o34 


i354o 
j355j 
13564 
13575 
13587 


Seconds  of  time 

1- 

9» 

3' 

4' 

l3 
6 

5' 

6" 

T 

Prop,  partfl  of  cola. 

{■ 

3 

3 
6 
3 

5 
4 

16 

7 

19 

1 

Google 


^^^^1                                         TABLE   XXVir. 

^'-                                    Log.  Sines,  Taagotits,  and  Secants. 

C. 

43°                                  A                 A             B                   B 

C                    C   136° 

M    HOWA.H 

H0UtF.M. 

Sine. 

Diff 

Cosecant. 

Tangent 

Kff. 

ColBugent 

Secanl.    Diff 

c™„e. 

M 
60 

0    6  i6    0 

544    0 

9.83378 

.0.16622 

9.96966 

.O.o3o34 

10.13587      0 

9.864.3 

1         i5  52 

44    a 

8339 

16608 

96991 

.359;    0 

"^  86401 

H 

2        i5  44 

44  16 

834o5 

IS 

97016 

02^^ 

i36iii    0 

86389 

58 

3        i5  36 

44  >4 

B34IS 

97042 

02958 

13623 

86377 

57 

4        i5  s8 

44  32 

8343a 

16568 

97067 

02^3 

13634 

86366 

56 

5^ 

5    6  i5  20 

5  44  40 

P344S 

10.16554 

9.97092 

-3S 

10., 3646 

^:86354 

6        i5  13 

44  48 

8345c 
83473 

1654. 

97118 

3 

13658 

86342 

54 

7        15    4 

44  56 

16527 

9714: 

3 

.     02B57 

13570 

86330 

53 

8        ,4  56 

45    4 

83486 

i65i4 

97i6f 

3 

0^832 

13682 

863 18 

52 

9        '4  4B 

45    T2 

8350C 

2 

i65oo 

97193 

4 

13694 

a 

S63o6 

5. 
5o 

lo    6  i4  4o 

54520 

9-8351 

10.16437 

9.97219 

4 

10. .3705 

9.86295 
86263 

<i        i4  3= 

45  28 

8352 

16473 

97244 

5 

02756 

:37.7 

i 

[3             l4    24 

45  36 

8354<: 

3 

i646o 

97269 

5 

02731 

13729 

8627! 

i3        i4  i6 

4544 

83554 

3 

16446 

97295 

5 

02705 

1374T 

3 

86259 

47 

i4        i4    8 

45  52 

83567 

3 

16433 

97320 

6 

02680 

13753 

3 

86247 

45 

.5    6i4    o 

5  46    0 

9.8358 

3 

"■Ss 

9-97345 

~ 

10. 02655 

EO. 13765 

" 

9.86235 

i6        i3  5s 

46    8 

83594 

4 

9737 

02629 

13777 

3 

86223 

44 

[?       i3  44 

46  16 

836o 

4 

i63o2 

9739S 

02604 

,3,89 

3 

43 

i8        i3  36 

46  =4 

8362 

4 

16379 
16366 

9742 

8 

SS? 

i38o6 

4 

42 

[9        13  28 

46  32 

8363 

4 
—4 

97447 

8 

i38i2 

4 

86188 

4i 
40 

=0    6  13  ao 

5  46  40 

9.8364 

.0..6352 

9.97472 

10.02528 

10. 13824 

4 

9.66.76 

11          i3  la 

46  48 

8366 

5 

16339 

97497 

9 

O25o3 

13836 

4 

86.64 

S 

22        13    4 

46  56 

8357 

5 

16326 

97523 

9 

02477 

13848 

4 

86i52 

23        II  56 

47    4 

8368 

5 

i63i2 

97546 

0245J 

136&0 

5 

BQi4o 

37 

24           12  48 

47  12 

8370 

5 

,6299 

97573 

77 

02427 

136,2 

5 

66.26 

36 
35 

25    6  12  40 

547  20 

9.8371 

~6 

10.162S5 

9.97596 

10.02402 

10. 13884 

5 

9.86.16 

26         12  32 

47  28 

8372 

■6 

16272 

97624 

02376 

13896 

5 

86104 

34 

27         12  34 

47  36 

8374 

6 

16259 
16245 

97649 

0235. 

13908 

5 

86092 

33 

28        12  16 

47  44 

8375 

6 

97674 

02326 

i39>o 

6 

86080 

32 

29        ,2    8 

4752 

8376 

6 

16232 

97700 

O3300 

13^32 

6 

86068 

3. 
3o 

3o    6  12    0 

5  48    0 

9.8376 

7 

.o-j62.^ 

9.97725 

"7T 

TD.02275 

10.13944 

6 

9.86o56 

3i         II  52 

48    8 

8379 

7 

97750 

O225o 

13956 

6 

S 

32         11  44 

48  16 

6380 

16192 

97776 

02224 

13968 

6 

66o32 

33        „  36 

8382 

7 

16.79 

9780 

02199 

13980 

86020 

34        11  28 

48  32 

8383 

6 

16.66 

97826 

-rf 

02.  ;2 

13992 

" 

86008 

j6 

35    6  II  20 

5  48  40 

9,8364!i 

10. 16.52 

9.97851 

io.i4oo4 

9.65996 

36        J,  12 

48  48 

8386 

16139 

97877 

140.6 

7 

"^  85^84 

24 

37       II    4 

43  56 

83874 

16.26 

97902 

02098 

1402B 

7 

85972 

23 

38        10  56 

49    4 

83887 

i6ii3 

97927 

02073 

i4o4o 

8 

85960 

39       10  48 

49  •= 

8390 

9 

i6i>99 

97953 

02047 

t4o52 

8 

85948 

20 

40    6    0  4) 

549  JO 

9.839.4 

9 

ID.. 6086 

9.97978 

io.i4o64 

8 

9.85936 

4l             K    32 

49  28 

839J7 

9 

16073 

982o3 

01997 

14076 

85924 

\l 

42             lO    24 

49  36 

83940 

9 

16060 

98029 

0.97. 

14088 

8 

859.2 

43        10  16 

^9  44 

B3954 

i6o46 

9605,4 

0.946 

i4ioo 

9 

85900 

'Z 

44        10    8 

^952 

B3967 

i6o33 

98079 

0192. 

x4\\i 

9 

85888 

.6 

45    610    0 

5  5o    0 

9.83980 

10..6020 

9.98.04 

10.0.896 

10.14124 

9 

9.85876 

4u         9  5i 

5o     8 

83993 

16007 

98.30 

D.670 

.4.36 

9 

85864 

i4 

47         944 

5n  16 

84006 

'S^ 

98.55 

0.845 

14.49 

9 

8585i 

.3 

48          9  36 

5o-?4 

84O20 

98160 

01820 

i4i6T 

85839 

49          9^8 

5o  32 

84o33 

-^ 

.sfe 

9S206 

0.794 

14.73 

10 

8582? 

7^ 

5o    6    9  JO 

5  Soflo 

9,B4o46 

■  o.,S,54 

9.9823, 

,0.01769 

.o.,4.85 

9,858.5 

5.          9  12 

5o  «8 

B4o59 

l594r 

98256 

01744 

14197 

858o3 

1 

ia       14 

5o  5b 

84075 

,5;=8 

98281 

14229 

65791 

5i     4 

84oB5 

.S,,S 

98307:  22 

ol^ 

1422T 

85779 

54         8  48 

5l     12 

8409S 

12 

,5,'o. 

9833. 

23 

14234 

11 

-J52^ 

6 
5 

55     6    8  4 

5  5[     0 

978477; 

,o.,S88S 

9.98357 

s3 

,0.01643 

.0.14246 

9,85754 

50          8  32 

5i  28 

84.25 

15875 

98383 

24 

0.617 

14256 

85742 

4 

57          8  24 

5[  3b 

84.36 

i3 

1 586! 

93408 

24 

%% 

14270 

8573o 

3 

58          8  lO 

5[  44 

84.5 

i3 

IS 

98433 

-j4 

14282 

857.8 

59          8    8 

5     52 

84.64 

98458 

5  5 

015.42 

14294 

85706 

66          S    0 

52    0 

84.77 

i3 

15323 

98484 

25 

oi5.6 

i43o7 

.2 

85693 

1^ 

M   HnuPl, 

HiirAH, 

"CoBinG. 

Diff. 

Secaiil. 

Cotaiigon 

reir. 

Tangeiil. 

Cosccani 

Diff. 

Sine. 

Seconds  of  time 

!■ 

2' 

3- 

4' 

5' 

6' 

7. 

Prop,  parts  of  cola.  \  B 

3 

3 
6 
3 

5 
9 

5 

i3 
6 

.6 

'9 
9 

..Google 


TABLE  XXVII. 

[Page  329 

^''                                  Log.  Sines,  Tangents,  and  Secants. 

G'. 

44°                                     A 

A              B 

B 

C                 C  135= 

IT   Hour  AM 

H™pm 

Sine. 

Diff. 

Cosecant. 

Tangenl. 

DifT. 

Cotangent 

Secant. 

Diff. 

Cosbe, 

M 

60 

s^rr 

9.84177 

io.i58a3 

9.98484 

to.oi5i6 

10.14307 

9.85693 

1          -    5a 

S41911 

1 58 10 

98509 

v,t 

.4319 

8568i 

u 

a         -   44 

52   16 

84203 

UWd 

9B53I 

i433i 

85669 

3         7   3c 

52  24 

84a  16 

98560 

oi44o 

14343 

S5657 

57 

52    32 

84229 

1577. 

98585 

oi4i5 

14355 

85645 

56 
5-5 

5     C    7    it 

5'-2  4o 

9.84242 

10. 15758 

9.98610 

10.01390 

9,8563a 

t,          7    la 

52  48 

84255 

15745 

98635 

3 

01365 

'i438o 

85620 

54 

7      4 

52  5b 

84269 

.573. 

3 

01339 

.4392 

856o8 

53 

B          6    56 

53    4 

84282 

15718 

98686 

3 

ai3i4 

t44o4 

85506 
85563 

52 

9        6   48 

53  12 

34295 

~ 

15705 

^87.1 

4 

01289 

14417 

2 

5i 
5o 

lo    6  6  * 

5  5i  2u 

9.84308 

10.15692 

9.98737 

4 

I0.OI263 

10,14429 

9.8557, 

II         6  3 

53  28 

84321 

„   15679 
15666 

98762 

5 

0.238 

i444j 

2 

85559 

a 

11         6   a^ 

53  30 

84334 

3 

98787 

5 

01213 

14453 

85547 

13        6   lb 

53  44 

84347 

3 

15653 

^,; 

5 

.4466 

3 

85534 

47 

i4        6     8 

53  5a 

84350 

3 

i564o 

98838 

6 

01162 

14478 

3 

85532 

46 

45 

5  54    0 

9.S4373 

3 

10., 5627 

9.98863 

~6 

10.01137 

.0.14490 

~T 

9.85510 

i6         5   52 

54    b 

84385 

3 

i56i5 

^888 

14563 

3 

85407 

44 

17        5  44 

54  iS 

84398 

i56o2 

98913 

0S087 

i45i5 

4 

85485 

43 

i8         5   3S 

54  24 

8441' 

Usjt 

8 

01061 

14537 

4 

85473 

42 

19         5   s8 

54  32 

844'4 

14540 

-i 

85460 

41 
4o 

20    6   5   20 

55440 

9-84437 

9.98989 

~8 

10.14552 

_. 

9.85448 

21         5    .= 

54  48 

84450 

'i555o 

99015 

9 

'00985 

14564 

4 

85436 

i 

a,         5     4 

54  56 

84463 

15537 

99040 

9 

00960 

14577 

5 

854a3 

i3         4   56 

55    4 

84476 

i55i4 

99065 

00935 

14589 

5 

85411 

37 

34         4   a& 

55  12 

84489 

~5 

i55ri 

99090 

D0910 

1460! 

5 

85399 

36 
35 

55    6   4   BO 

5  55  20 

9  845oa 

10.15498 

9.99116 

10.00884 

10.14614 

~5" 

9-85386 

a6          4    3a 

55  2& 

845i5 

6 

15485 

99'4i 

00859 

14626 

5 

85374 

34 

13  3o 

84528 

6 

15472 

99166 

00834 

14639 

6 

85361 

33 

38         4   i6 

55  44 

84540 

6 

i546o 

99191 

0078? 

I465T 

6 

85349 

3a 

29         4     8 

55  52 

84553 

6 

15447 

99217 

12 

14663 

6 

85337 

3i 
3^ 

30    0   4     o 

5.0    0 

9  84566 

-^ 

.0.15434 

9.99242 

"iy 

10.00758 

10.. 4676 

6 

9. 85324 

3i          3    5a 

56    8 

84579 

7 

15421 

99267 

i3 

00733 

,4688 

6 

853 1  a 

It 

32         3   /n 

56  16 

8459a 

7 

i54oa 

99393 

i3 

a 

33         3   3fi 

'0  24 

846o5 

7 

;sg 

^,8 

>4 

00682 

i47'3 

7 

27 

34         3     8 

56  3-> 

84618 

^43 

i4 

00657 

14726 

7 

85a74 

26 

is 

35    e   3   JO 

5  50  4. 

9  84630 

-i 

10.15370 

9.99368 

r5 

io.oo63a 

10. 14738 

7 

9.85a6a 

36         3   15 

56  43 

84643 

8 

15357 

99394 

i5 

00606 

i475o 

85a5o 

a4 

37         3     4 

56  5b 

84656 

15344 

99419 

16 

oo58i 

14763 

8 

85a37 

a3 

38         •>   5o 

57    4 

8466? 

8 

i533. 

99444 

16 

0O556 

14775 

8 

85225 

39          ,    4t> 

57  12 

i53i8 

9946? 

0053 1 

14788 

8 

B5ai3 

ao 

4o     b    a    /o 

557    0 

9  84694 

9 

io.i53q6 

9.99495 

io.oo5o5 

, 0.14800 

9.8520O 

4i           >    32 

57  28 

^S4707 

9 

!52lo 

995ao 

oo48o 

i48,3 

85 187 

•,t 

42          a    24 

57  36 

84720 

9 

99545 

00455 

I48a5 

9 

85175 

43         a    16 

57  44 

84733 

9 

15267 

99570 

oo43o 

,4838 

9 

85i6a 

44         2     b 

5-7  5j 

84745 
9  94758 

_9 

.5255 

99596 

19 

oo4o4 

,485o 

_t 

85i5o 

75 

45    6   2     0 

5W    < 

10. 15242 

9.996a, 

■9 

10.00379 

10. 14863 

9 

9,85i37 

46           t    5a 

58    8 

84771 

•.'a 

99646 

19 

00354 

14875 

85.25 

14 

4?        I   44 

5b  16 

84784 

9967a 

00328 

S5ii2 

i3 

48         I   3b 

58  a4 

84796 

i52o4 

99697 

oo3o3 

14900 

85,00 

49         I    2b 

58  32 

84B09 

15191 

99722 

00278 

14913 

85087 
9, 85074 

10 

5o    0   I    JO 

5  58  4" 

,o..5i78 

9-99747 

10.00253 

.0.149=6 

58  43 

84835 

i5i65 

9977- 

00217 

14938 

85o6a 

9 

5a           1      4 

58  56 

84847 

i5i53 

99798 

.4951 

85o49 

8 

53         0   5b 

59    4 

i5i4a 

^9853 

00177 

.4963 

85o37 

7 

5^         0  4S 

5^  .a 

B467; 

r5,27 

Wm 

23 

OOl52 

14976 

85024 

6 
5 

55  -6   0   4-. 

55920 

9  34885 

io.i5,.5 

9.99874 

23 

10.00126 

,o.,4988 

9.85oia 

-ifi          0    3a 

5928 

84898 

l5i02 

99899 

24 

iSooi 

a 

4 

i7          0    24 

^930 

849n 

15089 

99924 

24 

i5o,4 

3 

5944 

84923 

1 5077 

99949 

24 

1 5026 

¥n'^ 

5^          0    "s 

59  5j 

84936 

13 

i5o64 

99975 

25 

00025 

.5039 

¥^/ 

So          00 

600 

84949 

i3 

i5o5i 

25 

i5o5i 

84949 

M 

M  HourP.H 

HourA.M 

Cosiae. 

Diir 

Secant. 

Diff 

Tangenl. 

Cosecant 

Diff 

Sine, 

Prop,  parts  of  cols.  <,  B 


itoogle 


HosleaBv  Google 


HosleaBv  Google 


230 

TABLE    XXVIII. 

A    TABLE    OF    RHUMBS, 

fS    ASD    WAETBH-POINTS,    ANO    THE    BEGaBES,    WH 
SE0OND8,    COBREaPOHDING   TO    ANY    CODRSB. 

™,™ 

„. 

arH. 

Pi.,  qr. 

o        ,          ,/ 

pa,  qr. 

..„„.        1 

N.  by  E. 

N.liyW- 

0    1 

0   a 

0  3 

1  0 

2    48    45 
5    37    30 
8    26     15 
11     15      0 

0     1 
0     9 

0  3 

1  0 

S.  by  E, 

S,  by  W. 

N.N.E, 

N.N.W. 

1    1 

1     2 

1  3 

2  0 

14      3    45 
16    52    30 
19    41     15 
22    30      0 

1     1 
1     9 
1    3 
9    0 

S.B.E. 

■S.S.W, 

N.E.hyN. 

N.W.  by  N. 

9    1 

2  2 

a  3 

3  0 

95     18     45 
9B       7     30 
30    56     IS 
33    45      0 

9    2 
9    3 
3    0 

S.E.  by  S. 

S.W.  by  S, 

N,E. 

K.W. 

3     1 
3    3 

3  3 

4  0 

36    33    45 
39    99    30 
42     11     15 
45      0      0 

3     1 

3    2 

3  3 

4  0 

S.E. 

S.W. 

N.E.  IjyE. 

N.W.  by  W. 

4    I 
4    2 

4  3 

5  0 

47    48    45 
50    37     30 
53    2G     15 
56    15      0 

4    1 
4    2 

4  3 

5  0 

S,E-  by  E, 

S.W.  by  W. 

E,N.E. 

W.N.W. 

5     1 

s   a 

5    3 
G    0 

59      3     45 
61     52    30 

64    41     15 
G7    30      0 

5    1 
5    2 

5  3 

6  0 

E.S.E. 

W.S.W. 

E,  by  N. 

W.  by  K. 

6    1 

6  3 

7  0 

70     18    45 
73      7    30 
75    56     15 
78    45      0 

15     1 
6    9 

6  3 

7  0 

E-  by  S, 

W.  by  S, 

East. 

We3t. 

7     ] 
7    9 

7  3 

8  0 

81    33    45 
84    22    30 
87    11     15 
90      0      0 

7     1 
7    3 

7  3 

8  0 

East. 

West. 

Hosieanv  Google 


HosleaBv  Google 


WORKMAN'S    TABLE, 

FOR   CORRECTING   TTIli)  MUjDLE   LATITUDE- 


K-,.t9<ibyGoogle 


■2-d'2 

[TMe 

XXIX. 

1.^1. 

5 

6 

90 

UP 

11° 

0 

0  03 

04 

0  oe 

0  0 

0 

0  15 

0  19 

".'3 

! 

0  0 

0 

0  0 

0  00 

0    19 

2 

0  15 

0  18 

0  22 

0  0 

0  0 

U  04 

0  00 

0  08 

0 

0  14 

0  17 

0  "1 

(J  02 

0  03 

0  04 

06 

0  08 

0 

0  14 

0  1 

0  20 

0  03 

0  04 

0  OG 

0  0 

0 

0  13 

0  16 

)  19 

"0 

0  (J 

0    3 

04 

0  oo 

0  0 

0  09 

0  1« 

)  15 

0  IB 

0 

0  03 

004 

0  0 

0  )9 

0  19 

)  !■) 

0  18 

0  0 

0  03 

0  M 

0     G 

0  0 

0  09 

0  12 

0  15 

0  17 

23 

0 

0  03 

0  04 

0  06 

0  0 

0  09 

0  1" 

0  15 

C   1 

~4 

0  0 

0  03 

0  04 

0  06 

0  0 

0  09 

0  11 

0  14 

)  16 

"5 

0  0 

0  03 

0  04 

0  t5 

0  07 

0  09 

0  11 

0  14 

0  10 

'>6 

0  0 

0  03 

0  (4 

)    5 

0  07 

0  09 

u 

0  14 

0  If 

7 

0  02 

0    3 

0  (4 

05 

0  07 

0  0^ 

)  11 

0  14 

0  16 

0  03 

0    5 

0  (4 

0  OS 

0  or 

0  Oft 

0  10 

0  13 

0  11 

'>9 

0  0" 

0  03 

0  04 

0  05 

0  06 

0  Ob 

10 

0  13 

0  11 

SO 

0  0" 

0  0) 

0  04 

0  05 

0  0 

0  Ob 

0  10 

13 

0  IS 

31 

0  oa 

0  03 

0  04 

0     -i 

0     0 

0  Oa 

0  10 

0  13 

(   15 

32 

U  09 

0  03 

0  04 

0 

0  (6 

0  08 

0  10 

0  13 

0  IS 

33 

)  (p 

0  03 

U  04 

5 

0  00 

0  (B 

0  10 

0  13 

0  15 

■i 

(   09 

0  03 

0  04 

>    5 

0  00 

0    B 

0  10 

■0  H 

0  I-i 

35 

0  02 

0   )3 

0  04 

0     5 

0  06 

0  08 

0  10 

0  13 

0  1 

JG 

0  03 

0  (3 

0  04 

0  05 

0  06 

0  08 

0  10 

0  13 

0 

3T 

0  0" 

0    3 

0  04 

0  (5 

0  00 

0  10 

0 

0  1 

38 

0  0 

0  03 

0    4 

05 

00 

0  08 

0  10 

n  13 

39 

0  02 

0  03 

0  04 

0  05 

6 

0  Ob 

0  10 

3 

40 

0   P 

0  03 

0  04 

0  0^ 

0    G 

0  Oh 

0  1 

3 

5 

41 

0  0^ 

0  03 

0  04 

0   )5 

0  Ob 

0  (8 

Q  1 

0  Id 

0    a 

4 

0  0^ 

0  03 

0  01 

0  05 

0  06 

0  08 

0  ] 

0  n 

0     5 

43 

02 

0  n 

05 

0    9 

0 

14 

44 

0  0 

0  03 

04 

0    J 

07 

0  09 

0  11 

0  14 

0    6 

43 

0  02 

0  1i 

0  04 

0  Oa 

0  0 

C  09 

0  11 

14 

(   10 

46 

0  0 

0  03 

0  04 

0  05 

0  (7 

0  09 

0  11 

0  14 

(   10 

47 

0  0 

0  03 

0  04 

0  05 

0  07 

0  11 

0  14 

0  1 

4S 

0  09 

0  03 

004 

OS 

0  0 

0  09 

0  11 

0  14 

0  16 

49 

00 

0  03 

0  04 

0  OS 

0  07 

0  09 

0  11 

0  14 

0  1 

50 

0  oa 

0  03 

0  04 

0  C5 

0  07 

0  OJ 

0  11 

14 

51 

)  0" 

0  03 

0  04 

0  05 

0  0 

0  09 

(  11 

0  14 

0  17 

52 

0  o- 

0  03 

0     4 

0  05 

0     7 

0  09 

(  1 

0  15 

0  IS 

53 

0  0" 

0  03 

0  04 

1  )G 

0  0 

0  (9 

0  12 

0  15 

0  11 

0  0 

0  03 

0  04 

(  OB 

0  08 

0  10 

0  13 

0  16 

0  19 

55 

0  0" 

0  03 

0  04 

f  06 

0    3 

0  10 

0  13 

0  10 

19 

5t) 

0  0 

0  03 

0  01 

0    6 

0    8 

0  10 

0  13 

0  ir 

0  SO 

57 

0  c 

0  03 

0  04 

06 

0  08 

0  tl 

0  14 

0  17 

0  "O 

54 

0  (=> 

0  03 

0  04 

)  (6 

0  OH 

0  11 

0  14 

0  1 

0  21 

50 

0  02 

0  04 

06 

0  09 

0  I 

0  15 

0  1=1 

0  23 

GO 

1 

0  0'> 

0  03 

0  04 
(      5 

0  C6 
0  0 

0  09 
0  09 

0  12 
0  19 

0  IS 
0  11 

0  19 
0  19 

0  93 
0  93 

G-* 

0  C-J 

0  03 

0  05 

0  0 

0    t 

0  1' 

0  1 

C  '>0 

)  n 

J 

I   02 

04 

0  01 

0     7 

O") 

0  13 

0     1} 

0     i 

G4 

0  0 

0    4 

0  01) 

t  09 

0  13 

0  17 

0     1 

0    5 

5 

0  02 

0  04 

0  or 

0  08 

0  10 

0  13 

0  i 

0  "1 

{  '> 

0  0 

0  04 

0  Ob 

0  Ob 

JO 

14 

0    8 

0     i 

0 

67 

0  0 

04 

)  06 

0  OB 

)  11 

0  IS 

0  18 

0    3 

0 

<,8 

0  0 

0  04 

0  06 

0  Od 

0  11 

(   15 

0  19 

0  24 

0    B 

0  (\i 

0  05 

0  06 

0  09 

0  1 

(   16 

0  ■>) 

2 

0  J 

m 

0  05 

0  06 

13 

0  17 

0  31 

04 

06 

0  0 

iT  "2 

0 

33 

?=> 

0  01 

0    b 

R 

1 

0    3 

0 

0  35 

Hosieanv  Google 


Tubh  isix 

DIP 

BHENC 

.     Of     L 

UllLDJ 

2^^ 

Lui. 

120 

130 

14" 

15° 

Ifif 

17J 

18° 

igi. 

20" 

O      / 

o    ; 

O      ( 

IS 

U  27 

0  31 

U  35 

0  40 

0  45 

0  51 

0  58 

1  06 

1  14 

16 

0  36 

0  30 

0  34 

0  38 

0  43 

0  49 

0  56 

i  03 

1  11 

17 

0  25 

0  2» 

0  33 

0  37 

0  42 

0  43 

0  54 

1  01 

1  08 

18 

0  24 

0  37 

0  31 

0  36 

0  41 

0  46 

0  53 

0  58 

1  06 

19 

0  23 

0  3fi 

0  30 

0  34 

0  40 

0  45 

0  50 

0  56 

1  03 

9U 

0  22 

0  35 

0  39 

0  33 

0  38 

0  43 

0  48 

0  54 

1  00 

31 

0  31 

0  35 

0  29 

0  33 

0  37 

0  42 

0  47 

0  53 

0  58 

23 

0  20 

034 

0  38 

0  32 

0  36 

0  41 

0  46 

0  51 

0  56 

23 

0  30 

0  34 

0  28 

0  32 

0  36 

0  40 

0  45 

0  50 

0  55 

34 

0  19 

0  23 

0  27 

0  31 

0  35 

0  39 

044 

0  48 

0  53 

35 

0  19 

0  23 

0  27 

0  31 

0  35 

0  39 

0  43 

0  47 

0  52 

3e 

0  19 

0  26 

0  30 

0  34 

0  38 

0  42 

0  47 

0  53 

27 

0  19 

0  26 

0  30 

0  33 

0  38 

0  42 

0  46 

0  51 

28 

0  18 

0  31 

0  25 

0  39 

0  33 

0  37 

0  41 

0  46 

0  51 

39 

0  18 

0  21 

0  25 

0  99 

0  32 

0  36 

0  41 

0  45 

0  51) 

30 

0  18 

0  31 

0  25. 

D  28 

0  32 

0  30 

0  41 

0  45 

0  50 

31 

0  18 

0  21 

0  25 

0  38 

0  33 

0  36 

0  41 

0  45 

0  50 

33 

0  18 

0  21 

0  35 

0  28 

0  31 

0  36 

0  41 

0  45 

0  50 

33 

0  18 

0  21 

0  34 

0  27 

0  31 

0  35 

0  40 

044 

0  19 

34 

0  IS 

0  21 

0  34 

0  27 

0  31 

0  35 

0  40 

0  44 

0  49 

35 

0  IB 

0  21 

0  24 

0  27 

0  31 

0  35 

040 

0  44 

0  49 

36 

0  18 

0  31 

0  34 

0  27 

0  31 

0  35 

0  40 

0  44 

0  49 

37 

0  18 

0  21 

0  24 

0  37 

0  31 

0  35 

0  40 

0  44 

0  49 

3fi 

0  18 

0  21 

0  24 

0  27 

0  31 

0  40 

0  45 

0  50 

34 

0  18 

0  31 

025 

0  28 

0  32 

0  36 

0  41 

0  45 

0  50 

40 

0  18 

0  22 

0  35 

0  28 

0  33 

U  36 

0  41 

0  45 

0  50 

41 

0  18 

0  2J 

0  25 

0  28 

0  32 

0  37 

0  41 

0  45 

0  50 

42 

0  18 

0  33 

0  26 

0  39 

0  33 

0  37 

0  43 

0  46 

0  51 

43 

0  19 

0  33 

0  96 

0  30 

0  34 

0  3a 

042 

0  46 

0  51 

44 

0  19 

0  23 

0  37 

0  30 

0  34 

043 

0  47 

0  53 

i'> 

0  19 

0  23 

0  27 

0  31 

0  35 

0  39 

0  43 

0  47 

0  52 

4G 

0  19 

0  27 

0  31 

0  35 

0  39 

0  44 

0  48 

0  53 

47 

0  20 

0  33 

0  27 

0  31 

0  35 

0  40 

0  44 

0  49 

0  54 

48 

0  20 

0  33 

0  27 

0  31 

0  35 

0  40 

0  45 

0  50 

0  55 

49 

0  SI 

0  24 

0  33 

0  41 

0  45 

0  51 

0  57 

5J 

0  21 

0  24 

0  28 

0  33 

0  36 

0  41 

0  46 

0  53 

0  5B 

51 

0  21 

0  34 

0  28 

0  32 

0  37 

0  43 

0  47 

0  53 

0  59 

53 

0  23 

0  25 

0  39 

0  33 

0  37 

n  43 

0  4« 

0  54 

1  00 

53 

033 

0  25 

0  39 

0  33 

0  43 

0  49 

0  55 

1  01 

54 

0  36 

0  30 

0  31 

0  39 

0  44 

0  50 

0  56 

1  02 

55 

0  33 

0  36 

0  30 

0  35 

0  40 

0  45 

0  51 

0  57 

1  03 

56 

0  24 

0  27 

0  31 

0  36 

0  41 

0  46 

0  52 

0  58 

57 

0  24 

0  38 

0  32 

0  37 

0  43 

0  4=i 

0  54 

1  00 

1  06 

58 

0  35 

0  33 

0  3y 

0  44 

0  50 

0  55 

1  02 

i  08 

59 

0  26 

0  30 

0  34 

0  39 

0  45 

0  51 

0  57 

1  04 

1  10 

60 

0  27 

0  31 

0  35 

0  40 

0  46 

0  53 

0  59 

I  06 

I  13 

61 

0  37 

0  31 

0  36 

0  41 

0  47 

0  54 

1  01 

1  08 

1  15 

0  2B 

0  32 

0  37 

0  43 

0  49 

0  56 

1  03 

1  10 

1  18 

0  29 

0  33 

0  39 

0  44 

0  51 

0  58 

1  05 

1  33 

1  31 

M 

0  29 

0  34 

0  40 

0  46 

0  53 

1  00 

1  07 

1  14 

1  24 

65 

0  30 

0  35 

0  41 

0  43 

0  55 

!  02 

1  09 

I  17 

1  37 

0  31 

0  37 

0  43 

0  50 

0  58 

1  05 

1  13 

1  31 

67 

0  33 

0  45 

0  53 

1  00 

1  07 

1   16 

1  25 

1  35 

6S 

0  34 

0  40 

0  48 

0  55 

1  03 

1  10 

1  19 

1  30 

1  39 

69 

n  36 

0  43 

0  50 

0  51^ 

1  05 

1  13 

i  33 

1  34 

70 

0  3M 

0  44 

0  52 

1  00 

1  Ob 

1  17 

1  28 

1  39 

1  50 

71 

0  40 

0  46 

U  55 

1  03 

1  13 

1  32 

1  39 

1  44 

1  56 

72 

0  4^3 

0  49 

1  06 

1  i6 

i  37 

i  38 

1  50 

3  04 

Hosieanv  Google 


234 
TABLE    XXX. 

TABLE    OP    REFRACTIONS. 

RofV. 

Blfi^ 

Tiir, 

Die- 

Refr 

Bin: 

Dili: 

Dili; 

thr 

App. 

Br.  id. 

AlilIiiJc. 

Th.  SIP. 

I'Alt 

+  1B. 

-lOFah 

Th.50t>. 

I' All 

+  1B. 

—1°  rah. 

o     . 

li^^ 

a.2 

u'i 

1.7(1 

10  d 

Ho 

.5 

10.'8 

.69 

10 

11  30 

ai 

1.G4 

10 

5  15 

.5 

10.6 

.67 

20 

20 

&il 

1.58 

ao 

5  10 

.5 

10.4 

.65  ■ 

30 

10  50 

19 

■"JO 

1.53 

30 

5    5 

.5 

10.3 

.04 

lil  i2 

ih 

313 

40 

5    0 

.5 

10.1 

.63 

5U 

10  l> 

17 

30  7 

1.43 

50 

4  56 

.4 

9.9 

.63 

5    0 

0  5fi 

16 

30  6 

1.38 

11     0 

4  51 

.4 

9,8 

.60 

10 

1  4a 

15 

111 

\.U 

10 

4  47 

.4 

9,6 

.59 

^U 

Q  3/ 

15 

lt>l 

1.30 

30 

4  43 

.4 

9,5 

.58 

jO 

9  11 

14 

IB  6 

1.26 

30 

4  39 

.4 

9.4 

.57 

8  5& 

13 

Ibl 

1.2a 

40 

4  35 

93 

.56 

10 

y  45 

13 

17  6 

1.19 

50 

4  31 

-'I 

9,1 

.55 

G    0 

b  33 

la 

17  3 

1.15 

13    0 

4  38.1 

38 

9.00 

.556 

It) 

&   >0 

n 

163 

1.11 

10 

.37 

8.86 

.548 

JO 

H 

lb4 

1.09 

20 

4  20.8 

.36 

8.74 

.541 

30 

J  1 

l.Ofi 

30 

4  17.3 

.;i5 

.533 

40 

7  47 

10 

1    7 

1.03 

40 

4  13.9 

.33 

8^51 

.524 

50 

7  37 

10 

15  3 

1.00 

50 

4  10.7 

,32 

8.41 

.517 

7    0 

7  27 

10 

15  0 

98 

13    0 

4    7.5 

,31 

8.30 

.509 

10 

7  n 

14  6 

;95 

10 

4     4.4 

.31 

.503 

W 

7    8 

9 

14  3 

.93 

90 

4     J.4 

.30 

8.10 

30 

b  59 

141 

.91 

30 

3  58.4 

.30 

8.00 

,490 

40 

e  51 

b 

13  8 

40 

3  55.5 

,29 

7.8D 

.483 

60 

t.43 

13  5 

.87 

50 

3  53.6 

.39 

7.79 

.476 

8    0 

0  35 

7 

13  3 

.85 

14    0 

3  433 

.23 

7.76 

.469 

10 

6  2i 

131 

10 

3  .IJ.l 

.28 

7.61 

.464 

30 

s  az 

13  8 

'm 

20 

3  44.4 

.37 

7.5a 

.458 

qn 

6  14 

13  6 

.80 

30 

3  41.3 

.96 

7.43 

.453 

40 

6    7 

7 

l'>3 

.79 

40 

3  39.2 

.26 

7..'i4 

.448 

0 

C    0 

b 

lai 

.77 

5b 

3  36,7 

.25 

7.36 

.444 

0     0 

3  54 

b 

119 

■   .76 

15    0 

3  345 

.24 

7.IS 

.433 

lU 

a  47 

117 

.74 

30 

3  27.3 

.23 

G.S5 

.424 

30 

5  41 

6 

115 

.73 

16    0 

3  20,6 

.31 

6.73 

.411 

30 

5  31! 

113 

30 

3  14,4 

6.51 

.399 

40 

5  30 

111 

.71 

17    0 

3    8.5 

.19 

e.ai 

.386 

50 

■i  25 

110 

,70 

30 

3    3.9 

.18 

6.ia 

.374 

IB    0 

2  57.6 

5.98 

.362 

19    0 

a  47.7 

,■11 

5.61 

.340 

Hosieanv  Google 


235 
TABLE    XXS. 

TABLE   OF    EEFKACTIONS 

Reff. 

Biir. 

Diff. 

Dlff 

Reft. 

Djff, 

BllC 

Jijtj: 

Ai>|i, 

Avv. 

AltlLn,Ie. 

Tii,ai)o. 

1'  All. 

+  111. 

-lo  Fnh. 

AUlwao. 

TL.  SIP. 

KAIl. 

-j-rk 

-PFah. 

3°. 

3  38.7 

.{'5 

5,31 

.^'99 

5% 

40.'^ 

M^5 

1,36 

.089 

Si 

2  30.5 

,13 

5,04 

.305 

56 

39.3 

,025 

1.31 

!079 

33 

2  23.2 

.12 

4,79 

.290 

57 

37.8 

,035 

1,26 

.076 

S  16.5 

,11 

4,57 

.276 

58 

36.4 

,094 

.073 

S4 

2  10.1 

,10 

.264 

59 

35-0 

,024 

1.17 

.070 

S5 

3    42 

,09 

4.16 

.959 

60 

33.6 

,023 

1,12 

.067 

36 

1  ss's 

,09 

3,97 

.941 

6i 

33.3 

.099 

1,03 

.065 

97 

1  53.8 

,08 

3,81 

.330 

3i.0 

,099 

1.04 

.063 

1  49.1 

,08 

3.65 

.219 

99.7 

.091 

.99 

.060 

99 

1  44.7 

.07 

3.50 

S09 

64 

28.4 

,021 

.9ii 

.057 

30 

I  40.5 

.07 

3,36 

.901 

65 

37.2 

.090 

.91 

.055 

31 

1  36,6 

.OG 

3,33 

.193 

G6 

95.9 

.87 

.052 

33 

1  33-0 

,06 

3.11 

.186 

67 

24.7 

.030 

,83 

.050 

1  99.5 

-06 

2,99 

.179 

68 

33.5 

.020 

.79 

.047 

34 

1  36,1 

,05 

2.88 

.173. 

69 

29,4 

,020 

.75 

,045 

35 

1  93.0 

.05 

3,73 

.167 

70 

21.9 

030 

.71 

,043 

36 

1  90.0 

,05 

2,68 

.161 

71 

19.9 

!030 

.67 

.045 

37 

1   17,1 

,05 

9.58 

.155 

72 

18,8 

.019 

.63 

,038 

38 

1  14,4 

,05 

3.49 

.149 

73 

17,7 

.018 

.59 

.036 

39 

1  11.8 

.04 

2,40 

.144 

74 

16.6 

,018 

.56 

,033 

40 

1     9,3 

.04 

2,32 

.139 

75 

15.5 

,018 

52 

.031 

.04 

2.34 

.134 

76 

14.4 

,013 

.48 

.029 

4a 

,033 

9,16 

.130 

77 

13.4 

,017 

.45 

.037 

43 

1    24 

,036 

3.09 

.125 

78 

12.3 

,017 

.41 

.025 

44 

1     0,3 

,034 

2.03 

.130 

79 

11.9 

,017 

.38 

.033 

45 

58,1 

,034 

1.D4 

.117 

80 

10,2 

.017 

.34 

.091 

46 

5e,i 

.033 

.119 

81 

9,9 

,017 

.31 

.018 

47 

54,3 

,033 

1^81 

.103 

8,2 

,017 

.27 

.016 

4S 

53,3 

,03! 

1.75 

.104 

83 

7,1 

.017 

,34 

,014 

49 

50,5 

,030 

1.69 

.101 

84 

6,1 

.017 

.20 

,013 

50 

48.8 

,099 

1.63 

.097 

85 

S,l 

.017 

.17 

.010 

51 

,023 

1.58 

.094 

,017 

,008 

52 

45'4 

,097 

1.59 

.090 

87 

3,1 

,017 

.10 

,006 

53 

.J3.8 

,03G 

1,47 

.0^3 

88 

9,0 

,017 

.07 

,004 

54 

43.2 

.096 

1,41 

.085 

89 

1,0 

.017 

.03 

,003 

Hosieanv  Google 


TABLE  XJiXI.  TABLE  XXXIL 


TAIiLE  XXSIII- 


II<:'.gi.t.   1       Dip. 

1 

0'58" 

3 

1  21 

t 

1  5e 

5 

2  21 
■2  3:i 

i^ 

•2  4i 

lU 

3    a 

19 

3  ]H 

13 

3  97 

14 

3  3li 

15 

3  42 

IG 

3  5U 

13 

4     4" 

19 

4  11 

'J'J 

4  17 

21 

4  S3 

4  30 

at 

4  3B 

34 

442 

36 

30 

S  IS 

35 

5  39 

4U 

6    i 

45 

6  27 

50 

6  4G 

7  25 

70 

8     1 

80 

B  34 

90 

9     6 

100 

9  35 

TABLE  XXXIV. 

OO 

,..„■. 

10 

20 

30 

e 

40 

7 

55 

.      5 

65 

4       , 

3 

S      1 

80 

a     1 

90 

0 

All. 

25" 

C 

3 

19 
1-1 

11 

11 
12 
13 
14 

7 

15 
16 

3 

20 

9 

30 

1 

45 

I 

Aiiome 

Bilion  of 

All. 

Al.g. 

(1° 

0" 

10 

3 

!5 

4 

20 

li 

30 

8 

35 

B 

40 

45 

50 

.',r> 

13 

60 

70 

15 

SO 

15 

00 

16 

TABLE  XXXV. 


■orl-.p„r.U.. 

J 

HodiOiilnl  PBrallr.I. 

54' 

56' 

58' 

60' 

62' 

ft 

Oil 

0(1 

11,11 

oil' 

<l,0 

OM 

II  W 

(19. 

ItW 

(la 

16 

OH 

(1,H 

(IH 

11,9 

0.9 

1  3 

1  3 

14 

1.5 

■'A 

1  H 

1  •) 

''(1 

2H 

H4 

ys 

9.6 

9.l\ 

33 

311 

3  1 

3  3 

3  4 

3  5 

36 

3  7 

411 

41 

4.3 

4(1 

4  5 

4li 

4H 

5(1 

5.1 

5y 

.■.4 

56 

5H 

6.0 

(III 

Ky 

fi« 

0.8 

67 

7  11 

73 

7.4 

7.6 

.16 

7  4 

77 

WO 

MM 

R5 

nil 

«1 

H4 

HI 

1(1 

9,3 

64 

!l  1 

9  4 

47 

10.0 

iiin 

10  3 

iO.6 

7'.t 

<)H 

101 

10  4 

IIIK 

11.2 

76 

1(1  H 

iDfi 

10  !l 

11.3 

11.7 

1117 

11  1 

1!  ,■. 

11.9 

12.0 

90 

Hka 

li.a 

11,6 

19.0  1  ia.4 1 

Hosieanv  Google 


TABLE  XXXVI. 

Reduction  to  ihe  Meridian. 

Arguments  a,=  Hqar  Angle  from  Ihe  Meruli«ju 

s 

3 

* 

41 

bid 

bm 
3i 

381 

Hm 

lOm 

llm 

19n, 

13m 

14™, 

9 

I 

lie 

at 

35 
333 

48 

01 

G3 
633 

78 
783 
7fl 

79 

91 

oa 
9a 

9T 
98 

lie 
iiflfl 
lis 

ii 

13B 

163 

1831 

164 

1 

1887 

19 

ii 

1 

i 

3D. 

3& 
371 

371 

4S 

4!il 

1 

fit 

a* 

80 

i 

831 

118- 
IIDI 

1 

1 

93 

30 

IS 

r 

3 

si 

91 

s 

i 

1 

37 

3» 

3«i 
38B 

39 

39 
3(1) 
39H 
400 

Si: 

i 

i 

1011 

103: 

1030 
10% 

1D4C 

1331 
133: 

124S 
1351 

4St 

475 
1479 
1483 

1721 

ISJ' 

197 
1997 

30 
31 

4fl 

as 
a) 

3C 

i 

0 

70 

■7 

is 

I 

1 

402 

i 

41i 

S50 
»53 

as; 

6a( 
ob; 

09G 
090 
701 
704 

851 
87< 

8a 

883 
886 

10S9 
lOfii 

107; 

IS50 
130( 

ist; 

1277 

IBM 
1393 

1481 

il 

1523 

1731 

1764 
1069 
IT7S 

3011 
21138 

1 

ao! 

3K 

SOU 

307 

433 
435 
*J7 
439 
«i 
434 
4311 
43E 

44i 

574 

88S 
80; 
Kl 

90S 

oo; 

108 

oo; 

.1114 

1399 
139i 

30 

1 

1S17 

531 
MS 
K7 

1 

1777 
17rt! 
1781 

ITK 

1 

308. 

SO 

S8 

35 

1 

i 

1*1 
i« 

47 
49 

S39 

i 

239 

1 

328 

3^ 

333 
335 
337 

4*4 

453 
45f 

SB7 
SO' 

748 

TOU 
7«J 

039 
043 

HIT 

iS 

1340 

355 
307 

1587 

S8 

isao 

1964 

isee 
iniM 

1 

,1853 

s 

3U99 
3103 
S1I18 
31 

il 

Hosieanv  Google 


TABLE  XXXVI 

Eeduotio 

1  to  the  Meridian. 

=  ,haH 

onr  Anglo  from 

.h=M« 

M... 

15ai 

"IB^ 

17m 

"iftn 

lOm 

UUm 

31"i 

"asT" 

"S3i~ 

24„> 

31« 

3135 

'also 

4195" 

4004 

"mT 

5473 

S79S 

3441 

3813 

4303 

4811 

54BS 

3093 

3818 

4618 

2JC0 

94B1 

3700 

34M 

43^3 

4035 
48^ 
4039 

W> 

5500 

3171) 

4335 

5534 

3J7S 

3473 

S1S8 

3133 

4343 

5083 

5531 

sm 

S4B3 

4348 

4000 

37BB 

»48B 

3303 

4335 

4067 

5007 

eos 

105 

5554 

14IS 

5503 

^ 

3503 

asjs 

35W 

S 

^ 

4005 

m 

5577 

MS 

3507 

S8B0 

35J9 

I3t 

5585 

3831 

fl53S 

3MI 

4395 

5503 

3531 

3007 

4303 

40 

3S38 

3014 

116 

3M4 

SS32 

3533 

Sg53 

92 

30g; 

43S3 

4737 

71 

5623 

SS59 

3108 

3530 

3933 

"SS' 

Iru 

5631 

SM4 

3040 

4336, 

5166 

5630 

£! 

S»T 

M09 

S1D3 

3554 

3HS1 

3959 

^ 

SSB9 

35M 

38eB 

ai-27 

5670 

(HfiO 

ma 

3333 

3503 

tm 

5333 

5076 

39TB 

4STT 

479* 

5330 

5885 

tme 

»i44 

SflOS 

3985 

43B3 

5337 

5893 

20 

3381 

S5B5 

naae 

BCU 

31191 

430O 

4808 

5345 

"ST 

39S0 

3914 

mm 

!Ml 

SBIS 

33m 

3S34 

K 

saw 

S»S 

363a 

4^9 

5734 

3s<ie 

3374 

363G 

4017 

4S37 

8315 

5733 

39311 

3IH0 

3«42 

4034 

4644 

6740 

39*M 

3048 

4030 

4431 

5390 

5747 

3623 

3G55 

4037 

5397 

30(7 

B3D5 

3336 

36^ 

3058 

3303 

3087 

4050 

4453 

3S 

33l» 

4056 

4459 

4seo 

S^O 

577B 

40 

wn 

331S 

3S30 

40G3 

4405 

4aar 

sm 

SUB 

aaaa 

41170 

48B4 

S33S 

6794 

SGsa 

4070 

4901 

3343 

5803 

« 

3350 

3350 

393B 

am 

4UB3 

4906 

sm 

31103 

3330 

4UB9 

4493 

3080 

3345 

4090 

4300 

4933 

5385 

3003 

3351 

4I«2 

4507 

4930 

3733 

4514 

4937 

« 

^ 

3^ 

fm 

sm 

3730 

tiis 

4K7 

4044 

5305 

S 

SD 

3tm 

54(K 

5885 

3031 

3749 

4135 

4541 

4986 

SS 

srss 

4143 

454S 

4973 

3701 

4140 

S049 

4939 

5890 

3733 

3054 

4103 

4500 

5004 

3410 

soce 

5913 

67 

3«8 

3788 

4175 

5930 

3793 

4500 

SOU 

59 

3T!19 

5im 

470 

5031 

.478 

Hosieanv  Google 


HosleaBv  Google 


HosleaBv  Google 


HosleaBv  Google 


HosleaBv  Google 


